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68HC11 Controller & Languages 



Program it in C or 

n Basic or 


ram it in 


FORTH 


or 


Program it in Assembly 


Low Cost Development Package: Controller + Languages + Manuals on disk included! 


Package^ Price Breakthrough! 

The NMIT-0020 Single Board Computer is perfect for 
dedicated controller with convenient interfaces for LCD 
displays and keypad. Intelligent LCD's up to 2 lines by 80 
characters and matrix keypads up to 4x5 can be used. The 
processor is the popular F68HC11 with many features, 
including SCI and SP1 serial channels, 8-bit 8-ch. A/D, 20 
available I/O lines. Watch Dog Timer. 1/2K EEPROM and 
Max-FORTH w/Floating Point Package embedded in 12K 
internal ROM. SBC expands F68HC11 providing 3 28-pin 
JEDEC sockets for 8-32K RAMs, ROMs, EPROMs, 
EEPROMs, etc. RS-232 conversion supplied. Requires 
external regulated supply: 5V at ~30 mA. Based on NMIX- 
0020 board, so many features may be added as desired by 
the user (or by factory - call for details & prices). 

Languages supplied on accessory disk: Small C. Basic, and 
Assembler. FORTH resident on chip (may be disabled). 
Languages come with manuals on disk. Communications 
utility. MAXTALK included to allow PC clone to act as 
terminal for download and development. WIPE utility 
included allows internal ROM. EEPROM. WDT to be 
enabled/disabled, and EEPROM to be erased. Manuals on 
disk: UM-MAX Max-FORTH Users Manual, HM-20 
NMIX-0020 Hardware Manual. Small C manuals with 
examples, BASIC 11E9 Manual. 

SBC and utility disk - $99. Keypad and LCD not included. 
Great value. Call today! New Micros, Inc. 214-339-2204 

MICROS, INC. 

Chalk Hill Road 
as, Texas 75212 
: (214)-339-2204 
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FIX ANY PC FAST 


DATA RECOVERY SOFTWARE 
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DO-IT-YOURSELF DATA RECOVERY 

RECOVER DATA FROM PHYSICALLY 
DAMAGED FLOPPIES & HARD DISKS 
IN LESS THAN 60 SECONDS! 

RESCUE DATA RECOVERY SOFT¬ 
WARE™ is the FASTEST . EASIEST & 

SAFEST method in data recovery anywhere! 

For the first time you can recover a file 
in less than 60 seconds even when DOS 
canno t .re ad a .p.hysi ca iiy da ma qe d..fiQPpy 

or hard disk . 


Recover Text, .Exe, Graphics files, etc... You 
can even recover entiresub-directories with 
a single key stroke. 

CALL NOW FOR PRICING! 


‘In the past. General Failure messages left 
you lew options. Norton, Central Point, or I 
Mace Utilities weren t likely to help .. Now f 
there is a better solution .. RESCUE can 
recover data from all but the most 
thoroughly trashed disk... RESCUE appears 
> to work miracles...' 

f "Rescue. Version 4.0 I 

/’ offers new features and 
easy operation that move 
it out of the guru's 
^ toolbox and into the aver¬ 
age user’s library ’ 
^ . INFOWORLD 



PC DIAGNOSTICS THAT REALIY FIND THE BUGS! 

THE TROUBLESHOOTER™ is unlike other diagnostic programs that rely on DOS. The Troubleshooter™ bypasses DOS and 
tests all major hardware directly for true accuracy while other programs frequently give erroneous test results. Loaded with all 
the tests you need to quickly and accurately isolate the source of PC failures. Newest version includes low level formatting 
of I.D.E. drives and cache memory testing. Runs on any PC (with Intel or compatible C.P.U.) independent of any operating 
system! Priced far below all competitors. 

THE DISCOVERY CARD™ is the only tool that truely ends 
the frustration of IRQ & DMA channel conflicts! Stop 
wasting time trying to "Figure-it-out" when it comes to set¬ 
ting up add-on cards. Perfect for anyone who upgrades 
PC’s, sets up networks, multimedia, etc... 

‘II you support PCs, the Discovery Card is likely to become one olyour 
most important tools. "-INFOWORLD, September 93 

THE POCKET POST™ is the most compact and feature 
packed diagnostic power-on self test (post) card in the world. 

Debug dead PC’s in less than five minutes! Also, tests power 
supply and 9 bus/clock signals. Comes with a detachable logic probe. 
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The Troubleshooter Kit ™ 


CALL NOW FOR PRICING! 


EVERYTHING YOU NEED 
TO INSTALL, SET-UP & 
MAINTAIN HARD DRIVES! 

DRIVE PRO™ — The all-in-one software utility for the most 
efficient and correct installation and maintenance of any hard 
drive! • Install IDE Drives in less than 60 seconds! Automatically 
sets CMOS, Partitions, and DOS formats without re-booting or 
user intervention. • DOS Format any size drive in under 30 seconds! • Drive Table Override allows almost any BIOS to have a 
user definable drive type. • Drive Boot Fixer is a safe alternative to low level formatting bad IDE Drives. Plus too many other features 
to mention! 



The Hard Drive Kit™ 


ENCYCLOPEDIA OF HARD DRIVES™ — 3 volumes with over 1500 pages! The largest compiled reference on Hard 
Drives ever published! 

Volume One... SET-UP GUIDE • Interface Types and Installation • Hard Drive Specs for over 2100 drives from 1984 to present. 

Volume Two... DRIVE SETTINGS • Explanation of Jumper Types. Changes in Make & Model and Default Jumper Settings • Diagrams for over 
1000 drives with detailed specifications. 

Volume Three...C0tf7/?0Z.Z.£/?S • Over 400 Diagrams of Controllers with detailed specifications. And Much More! 

THE HARD DISK TECHNICAL GUIDE™ — Comprehensive field version of the Encyclopedia with over 400 pages of vital 
^specs! Compact to carry in the field. CALL NOW FOR PRICING! 


VITAE HARDWARE SUPPORT 
AT YOUR FINGERTIPS! 

Now available for the first time on CD-Rom, this Technical Library contains complete N 
configurations, specifications, diagrams, settings, component locations, and vital informa- j 
tion on 1500 main boards, more than 700 network interface cards, 2100 hard drive models! 
and 400 controller cards. A must for any service department. CALL NOW FOR PRICING! Technical Library on CD-Rom 


FIX YOUR WINDOWS 
FAST! 


editor! 

CHOICE 


BEST 

Windows 

Trouble¬ 

shooting 

Program 

Available! 


July 1993 

I ’...a model of elegance and clarity. Skylight 
stands out as a product that exudes intelli¬ 
gence in function and design." 

- PC Magazine, July 93 



Skylight™ 


TUNE, OPTIMIZE & 

TROUBLESHOOT WINDOWS for 
| faster speed & top performance! 

‘Any way you can think of to slice it. Skylight can show it to you-how I 
Windows is using memory, system resources, system metrics. GDI heap I 
usage. This MDl-based program oilers an intriguing view into the guts of I 
L Windows." - Windows User, June 93 a 


nifH'/S NO MORE 
SYSTEM CRASHES 

COOL CHIP™ is an 

inexpensive heat sink 
I that can lower the op¬ 
erating temperature of 
a C.P.U. by as much 
as 35 9 F, thus elimi¬ 
nating system lock-up 
due to excessive heat. 

Excessive heat build¬ 
up within the C.P.U. 
is the number one 
cause of system 
crashes, lock ups, erratic behavior and intermittent failures. 

COOL CHIP™ is the most effective means available to 
eliminate C.P.U. overheating. 

"We had been experiencing various problems with system lock- I 
ups and shut-downs, and we exhausted all other possibilities 
to resolve these various problems (memory, programs, power 
supplies, monitors, disk drives)... since the installation of COOL 
CHIP we have encountered no other problems. ’ 

- M.H., Certified Network Engineer | 

t CALL NOW FOR PRICING! 


COO L CH IP 



13 • Free Tech Support 
E3 * Performance Guaranteed 
S • Next Day Shipping 

ORDER DIRECT — CALL 

|t00|653-4933 

AIIMicro, Inc. 

18820 U.S. Hwy 19 N., #215, Clearwater, FL 34624 

INT’L. (813) 539-7283 • Fax (813) 531-0200 

Copyright © 1993. Rescee Data Recovery Software™, The Hard Drive Kit™, The 
Discovery Card™, The Tronblesboo let's KH™, ood Coal Chip™ ore trademarks of 
AIMkro, Ik. Al Rights Reserved. Other names ere trademarks o< their associated 
owners- Specifications sebject to change. Same system faderes may he beyond repair. 
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© The next day, Mr. Ratburn announced a spelling test for 
Friday. "I want you to study very hard," he said. "The test will 
have a hundred words." Buster looked pale. "And," continued 
Mr. Ratburn, "the two students with the highest scores will 
represent our class at the all-school spellathon." 
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14 How to Use a PC’s Parallel Port for Monitoring 

and Control Purposes, Part 1 

By Jan Axelson 

Signals, cables and interfacing. 

28 Getting to Know the PIC16C54 Microcontroller 

By Fred Eady 

A tutorial on what this handy device is and how you can 
use it in your own designs. 

46 Small DC-Motor Theory and Control 

By Steve Montgomery 

The vital information you need to successfully implement 
locomotion into your robotics and other motor-driven 
motion applications. 

53 Timing QuickBASIC for Physics-Lab Applications 

By R.C. Nicklin 

Simple projects you can build to construct physics 
experiments using a PC. 

63 Memory Managers Give Back Unclaimed 

User RAM 

By TJ Byers 

A memory manager can put to good use the unclaimed and 
otherwise wasted RAM lurking in your PC. 

76 Tuning Up Your Computer 

By Hardin Brothers 

Tips for getting your PC to deliver its maximum speed 
under DOS and Windows. 


76 Utilities, Home Design & Multimedia 

Presentations 

By SF Sparrow 

Protect data, write your own professional-style manuals, 
design the house of your dreams and create your own 
multimedia presentations. 


page 98 


79 “Greening” Your PC’s Video Monitor 

By Robert Davis 

Simple timer-driven relay cuts power to your video 
monitor to save energy during idle periods. 
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83 Industry Watch 

By John Hastings 

The AmCoEx Index of Used-Computer Prices. 

Product Review 

80 A Unique Hybrid Computer: Dauphin’s Desktop 
Replacement Model 

By Art Salsberg 

This subnotebook PC combines a pen computer with desk 
top-PC utility in a 2'/2-lb. package. 

Columns 

86 Computing On The Go 

By Joe Desposito 

Beating the Weatherman at His Own Game. 

90 Microcomputer Q&A 

By TJ Byers 

Answers to readers' questions about all aspects of per 
sonal computing. 

93 Microcomputer Musings 

By Ted Needleman 

Troubleshooting Windows Problems and Helping Kids 
Learn to Read Well. 

98 Multimedia 

By Tom Benford 

A 3D Surround-Sound Audio Card With Wavetable 
Synthesis for Less Than $300 and a Sampling of 
Multimedia CD-ROM Titles. 

103 GUI Guts 

By Yacco 

Where is the GUI Going? 

Departments 

4 Editorial 

By Art Salsberg 
Sticks & Stones. 

6 What’s Happening! 

Latest PC News. 

7 Letters 

8 What’s New! 

By Joe Desposito 

A roundup of new computer products. 
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In This Issue 

This month’s cover provides a glimpse into one of the technolo¬ 
gies being heavily explored for more-traditional human input to 
a computer: writing (or, more accurately, printing) by hand. The 
computer shown is Dauphin’s pen-based DTR-1 desktop 
replacement PC built around a 25-MHz 486 CPU and LCD 
viewing screen. For a hands-on review of this little gem, see the 
evaluation beginning on page 80. 

Next, turn to page 86 to read about tiny on-the-road, take-any- 
where power subnotebook computers from Hewlett Packard and 
Epson. Joe Desposito lived for several months with these two 
units and offers his hands-on comments and muses about where 
the mini-PC is heading. 

Finally, turn to GUI Guts beginning on page 103 to get the 
inside track on IBM’s efforts to bring an even more-natural 
human-input scheme—vocal communication to the PC and a 
hardware/software package from Verbex Voice Systems that lets 
you get started with this technology on your PC. 

Cover Photo By Lorindu Sullivan 


Microcomputer Journal on MCI Mail 

You can contact Microcomputer Journal on MCI Mail directly or through 
an on-line service, such as CompuServe. Any questions, article propos¬ 
als, comments, etc., are welcome on this electronic mail box (MCI ID No. 
456-3433) or just type: ComputerCraft. 


May/June 1994 / MICROCOMPUTER JOURNAL / 3 








Editorial By Art Salsberg 


Sticks & Stones 


There’s been a lot written about 
threats to the dominance of certain 
companies and forces in the micro¬ 
computer industry. Antitrust murmur- 
ings against Microsoft persist, for 
example. A patent-infringement law¬ 
suit recently won ($ 120-million) 
against Microsoft by STAC Electron¬ 
ics was heavily cheered on TV, al¬ 
though the decision will be appealed, 
and a lesser trade-secret suit against 
STAC was won ($ 13.7-million) by 
Microsoft. Unmentioned on TV news 
was that the jury verdict was related to 
MS-DOS 6’s DoubleSpace software- 
compression utility and that it killed 
Vertisoft’s stand-alone DoubleDisk 
and Space Manager products. As a 
result, Microsoft DOS 6.1, which in¬ 
cludes DoubleSpace, will disappear 
from new MS-DOS packages. (If 
you’ve got it on your MS-DOS disk 
now, however, it’s okay to use.) 

The potential of the IBM/Apple/ 
Motorola PowerPC microprocessor to 
dethrone Intel’s Pentium has been 
trumpeted recently, too. “Finally, you 
have a choice!” is the typical headline 
on articles in the PC press regarding 
the PowerPC chip. It’s faster, lower 
priced...blah, blah, blah. And it does 
Windows (through emulation), too. 

The PowerPC challenger, a RISC 
processor, has one advantage that 
other RISC processors don’t have: it 
can be inexpensively manufactured. 
Indeed, it’s much cheaper to produce 
than the dominant CISC processors 
that are ingrained in some 95% of 
desktop PCs today. It’s also smaller, 
runs cooler because it requires much 
less current, it can run a bunch of 
ported operating systems, including 
Apple Macintosh System 7, Windows 
NT , OS/2, and so on. The rub is that it 
has zero shrink-wrapped applications. 
It won’t remain zilch, of course. But 
it’s got a long way to go to match 
what an Intel Pentium, 486 and so on 
have in terms of applications software 
at this time. Moreover, running, say, 
Windows in emulated form slows 
things down, which is an important 
negative, considering that Windows is 
already slow enough as it is. 

On top of the foregoing is user iner¬ 
tia in willingness to learn a new sys¬ 
tem, whether it’s Unix or what-have- 


you. Hardware advances are readily 
accepted because no learning curve is 
required. Software, on the other hand, 
becomes yet another educational hur¬ 
dle to overcome. 

Nevertheless, there are severe short¬ 
comings at present for serious CAD, 
desktop publishing and multimedia 
operations. The move to advanced 32- 
bit operating systems and more-power¬ 
ful microprocessors will clearly have 
to be made for those who will get a 
business benefit (spell benefit as “prof¬ 
it”) from it. For the rest of us, it’ll be a 
long time coming before such a major 
switch is made, I believe. And Intel 
won’t be standing still as the PowerPC 
alliance trains its guns on this current 
microprocessor giant. 

Another thrust in the microcomputer 
field is use of a notebook computer as 
a desktop machine (see the Dauphin 
DTR-1 review and Joe Desposito’s 
“Computing On The Go” column else¬ 
where in this issue for details on three 
miniature PCs that go this route). 
Although this can be and is being 
done, the shortcomings of doing so 
should be fairly obvious: less-efficient 
keyboard, smaller memory capacity, 
limited (if any) expansion slots, etc. In 
effect, if you use a portable PC in 
place of a desktop unit, it’s like using a 
sports car as your family car. You can 
do it, but at times its failings are 
inescapable. As a result, full- blown 
desktop PCs won’t disappear soon, 
regardless of all the ballyhoo. 

Lots of words have been and will 
continue to be spewed out about revo¬ 
lutionary new products and dominant 
companies soon to take a big hit. As 
for me, I'm not about to make any 
truly major switches in my PC life 
until the dust settles a bit. Adding a 
much-larger-capacity hard drive, a 
color scanner, perhaps a quadruple- 
speed CD-ROM drive and the like are 
more probably the movements I’ll 
make at this time, rather than virtually 
starting over again with a new kind of 
computer and operating system—at 
least for personal use. At the business 
end, though, we’ll be closely watch¬ 
ing how the marketplace develops. 
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TECHNOLOGY UPDATE 


900 MHz breakthrough! 

New technology launches 
wireless speaker revolution... 

Recoton develops breakthrough technology which transmits 
stereo sound through walls, ceilings and floors up to 150 feet. 


By Charles Anton 


I 





f you had to name just 
one new product "the 
most innovative of the 
year/' what would you 
choose? Well, at the recent International 
Consumer Electronics Show, critics gave Recoton's 
new wireless stereo speaker system the Design 
and Engineering Award 
for being the "most in¬ 
novative and outstand¬ 
ing new product." 

Recoton was able to 
introduce this whole 
new generation of 
powerful wireless 
speakers due to the ad¬ 
vent of 900 MHz tech¬ 
nology. This newly 
approved breakthrough 
enables Recoton's wire¬ 
less speakers to rival the 
sound of expensive 
wired speakers. 

Recently approved 
technology. In June 
of 1989, the Federal 
Communications Com¬ 
mission allocated a 
band of radio frequen¬ 
cies stretching from 902 
to 928 MHz for wireless, 
in-home product ap¬ 
plications. Recoton, one 
of the world's leading wireless speaker man¬ 
ufacturers, took advantage of the FCC ruling 
by creating and introducing a new speaker 
system that utilizes the recently approved fre¬ 
quency band to transmit clearer, stronger 
stereo signals throughout your home. 


150 foot range through walls! 

Recoton gives you the freedom to lis¬ 
ten to music wherever you want. Your 
music is no longer limited to the room your 
stereo is in. With the wireless headphones 
you can listen to your TV, stereo or CD 
player while you move freely between 
rooms, exercise or do other activities. And 
unlike infrared headphones, you don’t have 
to be in a line-of-sight with the transmit¬ 
ter, giving you a full 150 foot range. 

The headphones and speakers have 
their own built-in receiver, so no wires are 
needed between you and your stereo. One 
transmitter operates an unlimited number 
of speakers and headphones. 
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Recoton's transmitter sends music through toalls 
to wireless speakers oivr a 75J000 square foot area. 


Crisp sound throughout your 
home. Just imagine being able to 
listen to your stereo, TV, VCR or CD 
player in any room of your home with¬ 
out having to run miles of speaker wire. 
Plus, you'll never have to worry about range 
because the new 900 MHz technology allows 
stereo signals to travel 
over distances of 150 feet 
or more through walls, 
ceilings and floors with¬ 
out losing sound quality. 
One transmitter, un¬ 
limited receivers. The 
powerful transmitter 
plugs into a headphone, 
audio-out or tape-out jack 
on your stereo or TV com¬ 
ponent, transmitting mu¬ 
sic wirelessly to your 
speakers or headphones. 
The speakers plug into an 
outlet. The one transmit¬ 
ter can broadcast to an un¬ 
limited number of stereo 
speakers and headphones. 
And since each speaker 
contains its own built in 
receiver/amplifier, there 
are no wires running from 
the stereo to the speakers. 
Full dynamic range. 
The speaker, mounted in 
a bookshelf-sized acoustically constructed cab¬ 
inet, provides a two-way bass reflex design 
for individual bass boost control. Full dynamic 
range is achieved by the use of a 2” tweeter 
and 4” woofer. Plus, automatic digital lock-in 


AWARD WINNING WIRELESS SPEAKER 


Built-in receiver Volume 
and amplifier: 

The wireless 
speaker amt 
headphones 
both contain 
a built-in 
receiver and 
amplifier. 

Signals arc 
picked up and 
transmitted 
as far as 150 
feet away 
through units 
without the 
use of wires. 



Individual left, right 
& mono su>itch and 
Individual hass bixrsl 
control (on back) 


Size: 9'H x 6‘W x 5.5*L 
Signal-to-noisc ratio: 60 dB 
Channel Separation: 30 dB 
Two-way bass reflex design 
10 watls/channel RMS amps 
Frequency Response: 
50 Hz-15 KHz 


Don’t take our word for it. Try it yourself. 
We're so sure you'll love the new award-winning 
Recoton wireless speaker system that we offer 
you the Dare to Compare Speaker Challenge. 
Compare Recoton’s rich sound quality to that of 
any $200 wired speaker. If you’re not completely 
convinced that these wireless speakers offer the 
same outstanding 
sound quality as wired 
speakers, simply return 
them within 30 days for 
a full ‘No Questions 
Asked' refund. 

Recolon's Design and 
Engineering Award 




Breakthrough wireless speaker design 
blankets your home with music. 

tuning guarantees optimum reception and 
eliminates drift. The new technology provides 
static-free, interference-free sound in virtual¬ 
ly any environment. These speakers are also 
self-amplified; they can't be blown out no mat¬ 
ter what your stereo's wattage. 

Stereo or hi-fi, you decide. These speak¬ 
ers have the option of either stereo or hi-fi 
sound. You can use two speakers, one set on 
right channel and the other on left, for full 
stereo separation. Or, if you just want an ex¬ 
tra speaker in another room, set it on mono and 
listen to both channels 
on one speaker. Mono 
combines both left and 
right channels for hi-fi 
sound. This option lets 
you put a pair of speak¬ 
ers in the den and get 
full stereo separation or 
put one speaker in the Thcse w i retas slereo 
kitchen and get com- headphones have a 
plete hi-fi sound. built-in receiver. 

Factory direct savings. Our commitment 
to quality and factory direct pricing allows us 
to sell more wireless speakers than anyone! 
For this reason, you can get these speakers far 
below retail with our 30 day " Dare to Compare " 
money-back guarantee and full one year man¬ 
ufacturer's warranty. For a limited time, the 
Recoton transmitter is only $69. It will operate 
an unlimited number of wireless speakers 
priced at $89 and wireless headphones at $59 
each. Your order will be processed in 72 hours 
and shipped UPS. 

Recoton Transmitter (you must have a transmitter 

to operate speakers and headphones). $69 $4 S&H 

Wireless products compatible with the Recoton transmitter 

Recoton Wireless Speaker.$89 $6 S&H 

Recoton Wireless Headphones.$59 $4 S&H 

Please mention promotional code 161-CC1104. 
For fastest service call toll-free 24 hours a day 

800 - 992-2966 

S! CD 2 MS 

To order by mail send check or money order for the total 
amount including S&H (VA residents add 4.5% sales tax). 
Or charge it to your credit card by enclosing your account 
number and expiration date. Send to: 

muKom 

INDUSTRIES 

2820 Waterford Lake Drive Suite 106 
Midlothian, Virginia 23113 


CC-1104 






























What’s Happening! 


SALVAGING OLD MEMORY, Autotime Corp. (Tel.: 503-452-8577) announced a cir¬ 
cuit-board configuration that permits a way to salvage a computer's old memo¬ 
ry while upgrading memory. The conversion board allows building of a 1M memo¬ 
ry SIMM module from old 256K chips or build a 4M SIMM module from old 1M 
memory chips. A customized logic chip (PAL) is used for memory decoding. 

CD-ROM HAPPENINGS. A 500M multimedia clip library—Q/Media for Windows CD-ROM 
version-was introduced by Q/Media Software (Tel.: 604- 879-1190). Combined 
with Tri-Digital Software's DigiClips special edition, it offers a mix of the 
entire multimedia gamut of digital video, voice, animation, music, sound 
tracks, backgrounds and graphic images. Also, without programming, scripting 
or conversion, it's said that users can very simply bring files created in 
other software—such as CorelDRAW drawings. Harvard Graphics charts or Free¬ 
lance slides—into Q/Media for Windows. Retail price is $149. 

Kodak plans to produce smaller-format CD-ROM drives that use an 80-mm disc 
format to complement the company's original 120-mm Photo CD discs. The system 
is aimed at future notebooks, laptops and PDAs. Discs will be the size of 
audio CD singles and will be backward-compatible with nearly all players and 
CD-ROM drives that can read or write current Photo CD discs. (A small cavity 
built into 120-mm drives will hold the 80-mm disc while it plays. The 80-mm 
discs have one-third the data-carrying capacity of 120-mm discs. 

Programmer's Shop (Tel.: 617-740-0101) introduced CD SELECT, a series of 
CD-ROM discs that contain software targeted at PC professionals and program¬ 
mers. The first disc includes development tools from Microsoft and related 
tools from other makers and personal productivity applications from Cognos, 
Halcyon, Micrografx and Traveling Software. CD SELECT allows users to "test 
drive" these software products, then purchase them by calling The Program¬ 
mer's Shop to receive an access code that enables them to unlock encrypted 
software and install it on their hard drives....Apple Computer also has a 
convenient way for computer users to explore and purchase independent ven¬ 
dors' software for Windows PCs and Macintosh computers, called Software Dis¬ 
patch. This CD-ROM delivery system operates seven days per week, 24 hours per 
day. To receive a free Software Dispatch CD-ROM, call 1-800-937-2828, Ext. 600. 

MULTIMEDIA SOFTWARE AT THE HOLOCAUST MUSEUM. The Learning Center at the Wash¬ 
ington, DC museum uses 20 MS-DOS-based IBM 66-MHz 486 PCs with Intel Action- 
Media II cards Each PC includes three sets of headphones and a 20" VGA video 
monitor to provide interactive, simultaneous video and graphics to users. Us¬ 
ing Protocomm Multimedia software, video files are centrally located on No¬ 
vell file servers. Workstation video monitors use touch screens that permit 
selection of six data types: audio, digital still photos, text, graphics, an¬ 
imated graphics or full-motion video at 30 frames per second. The museum's 
database contains an encyclopedia of the Holocaust and a chronology of daily 
events from 1933 to 1949. Each visitor to the museum is given an ID number 
that can be used to look up details about a person who experienced the Holo¬ 
caust and who might be the same age and gender of the visitor. 

WINDOWS FOR THE BLIND. Windows Master, a software package from Blazie Engi¬ 
neering (Tel.: 410-893-9333) is reported to give blind and visually-impaired 
computer users access to all popular Windows applications enjoyed by sighted 
counterparts. It combines with the Braille 'n Speak Personal Data Assistant 
to provide the efficiency of Grade II Braille input. 
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Letters 


Where’s the Beta? 

• I’ve been reading your magazines for 
years and found them to be enoyable and 
informative. Got worried with the last 
issue of Microcomputer Journal when 
your “GUI Guts” columnist, Yacco, wrote 
that all developers working with the beta 
version of “Chicago” or Windows 4.0 
were raving about it, and you mentioned 
the beta version in your editorial. It hasn’t 
been out yet? 

Marc Salzberg 
It should have been called the “ pre-beta ” 
version, which has been in the hands of 
developers since September 1993, I'm 
told.—Ed. 

On-Site Warranty Problem 

• In September of last year, I purchased a 
Leading Edge computer with a 12-month 
on-site warranty. In December, I realized 
that the computer required service. The 
warranty registration certificate instructs 
users to call 800-245-9870 for service. 

I’ve called this number more than 10 
times, and each time I received a recorded 
message saying all lines are busy and 
telling me to call back later. 

When I became frustrated with the 800 
number, I called Leading Edge’s head¬ 
quarters in Westboro, MA for assistance. 


The Warranty Administrator to whom I 
spoke insisted that calling the 800 number 
was the only way to obtain warranty ser¬ 
vice. I then phoned and wrote to the 
Manager of Customer Service. She has 
not replied. I even wrote to Michael 
Morand, president of Leading Edge. He 
has not replied, either. It’s now been 
many weeks of trying to communicate 
with Leading Edge. Still trying. 

Paul Konigstein 

New York, NY 

1 tried the 800 number a few times and 
got the same busy message. / think a law 
of physics is involved somewhere that 
states that there are never enough cus¬ 
tomer-service reps to handle toll-free 800 
lines. It's indeed frustrating. — Ed. 

Clone Builder 

• I’ve just encountered your magazine for 
the first time and I’ve been truly surprised 
to find a magazine that deals directly with 
the technical information instead of just 
spouting undefined acronyms and buzz¬ 
words. I’m subscribing to your magazine 
so that I may eventually acquire defini¬ 
tions of the many obscure words I’ve 
heard in the PC industry. I also hope to 
learn what the true attributes of these 
words are. 


More importantly, however, is that I’m 
in the process of trying to put together an 
IBM clone for myself. About three years 
ago, I bought a 386/33 IBM clone from a 
store that built finished systems for its cus¬ 
tomers. I never liked the result and I’m just 
beginning to find out some of the reasons 
why. Building a PC on your own is no 
easy task because those knowledgeable in 
hardware aren't willing to give out infor¬ 
mation, and those willing to give out infor¬ 
mation usually aren't knowledgeable. 

Arthur Goeres 
Portland, OR 

Corrections 

• In “The Real Cost of Upgrading to 
Windows 3.1” (March/April) on page 74 
under Sources, the name of the organiza¬ 
tion for the item identified by “Circle No. 
145...” should read Multimedia PC 
Marketing Council. 

• The bulletin-board telephone number 
given for R4 Systems in the ad on page 40 
of January /February issue was incorrect. 
The correct number is 905-898-0508. 

• Tables 3 and 4 in “PCMCIA: Panacea or 
Pandemonium?” (March/Apr) were acci¬ 
dentally omitted from the published arti¬ 
cle. These tables are on page 110. 


8031 MICROCONTROLLERS 


DG31 


DG32F 


EMC32 

EMC32F 

36 lines 


36 lines 


I/O Expansion 

I/O Expansion 

buffered I/Os 


buffered I/Os 


headers . 

headers 

11.0592 MHz 


11.0592 MHz 


11.0592 MHz 

11.0592 MHz 

RS232 port 


RS233port 


RS232 port 

RS232port 

8K RAM 


8K RAM 


8/32K. RAM 

8K RAM 

16K EPROM 


16K EPROM 


16K EPROM 

!28KftW 



32K HASH 




Size4.5x5.5inch 


Size4.8x6.0 inch 


Size 3x4 inch 

Size 3x4.25 inch 

US SI 10.00 


US S 122.00 


US S 72.00 

US S 80.00 


Application programs on preprogrammed EPROMs 
and Application Notes describing useful applications 
of our microcontrollers are also available. Popular 
publication:" Assembly Language Programming " 
book,190pages,softcover,US$33. plus $3. S/H 

AW/ 

ELC31 

Smallest, low cost, minimum component 8031 controller board: 
-11.0592 MHzclock 

- Socket for 16K EPROM or 32K Flash EPROM 

-16 I/O lines 

-Size 1.9x3.0 inches 

-Prototypepiggy back expansion board 

US$33.00 

To order: 

Add $6.00 for postage, send cheque or money order to: 

L.S. ELECTRONIC SYSTEMS DESIGN 

2280 Camilla Rd. Mississauga, ON L5A2J8 
Canada Ph.:(905)2774893 Fax:(905)2770047 


Cross Assemblers 

• Local Labels and Cross Reference 

• Powerful Macro Subsitution Capability 

• Machine Cycle Counting 

• 32 Significant Character Labels and Symbols 

• Unlimited Include File Capability 

• Selectable Intel Hex or Motorola Hex Object File 

Simulators 

• Source View Symbolic Debugging 

• Attach Keyboard, Screen or Data Files tc Simulate I/O 

• Machine Cycle Counting 

• Ten User-definable Screens 

• Unlimited Breakpoints, Memory and I/O Mapping 

• Trace File to Record Simulator Session 

• Ability to Step Backward through Simulation 

Disassemblers 

• Automatic Substitution of Defined Label Names for All Jumps and 
Branches 

• Automatic Insertion of Supplied Comments and Expressions 

Application Source Libraries 

• 16 and 32 bit Integer Aritmetic and Numeric/String Conversion 


PseudoCorp 

716 Thimble Shoals Blvd. 

Newport News, VA 23606 
(804) 873-1947 

FAX: (804) 873-2154 BBS: (804) 873-4838 
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WHAT’S NEW! By Joe Desposito 



Whiteboard For the PC 


Hardware 

Digital- 

Synthesizer Card 

Novatech Instruments’ DDS3 
PC 1 2-M Hz synthesized signal 
source add-in card for IBM PC 
and compatible computers can 



generate sine-wave and TTL/ 
HCMOS clock signals simul¬ 
taneously over a frequency 
range of 2 Hz to 12 MHz in 2- 
Hz steps. Phase noise is rated 
to be less than -90 dBc at 1 
kHz offset, spurious signals at 
below -45 dBc, and harmonics 
at less than -40 dBc. Output 
amplitude is 12 volts peak-to- 
peak into an open circuit and 
can be attenuated in 10-dB 
steps to -70 dB. 

The DDS3 PC comes with a 
C-language program that runs 
under DOS. It lets you set fre¬ 
quency and attenuation and 
sweep through a set of fre¬ 
quency, attenuation and dwell 
time settings. A driver is avail¬ 
able for third-party Windows- 
based ATE programming envi¬ 
ronments. $399. Novatech In¬ 
struments, Inc., 1530 East lake 
Ave. E., #303, Seattle, WA 
98102; tel.: 206-328-6902; 
fax: 206-328-6904. 

CIRCLE NO. 1 ON FREE CARD 

12-Bit Data 
Acquisition 

John Bell’s 12-Bit Analog to 
Digital Converter board is a 


low-cost 12-bit, eight-channel 
multiplexed A/D unit for IBM 
and compatible PCs. It has one 
eight-bit input TTL port and 
one eight-bit output TTL port. 
All 1/6 is through a 37-pin D- 
shell connector. A disk with 
BASIC programs for a low- 
frequency oscilloscope, data 
logger and thermometer is in¬ 
cluded. $149.95. John Bell, 
1381 Saratoga St., Minden, 

NV89423: tel.: 702-267-2704. 

CIRCLE NO. 2 ON FREE CARD 

Virus-Protection 

System 

PC Defender from American 
Megatrends is a new anti-virus 
protection system that com¬ 
bines virus prevention soft¬ 
ware with an add-on monitor 
card. The system includes 
three protection elements: 

Scan and Clean software, a 
Boot Monitor Card and an Ille¬ 
gal Activity Monitoring Mod¬ 
ule. These three elements are 
said to identify and clean a vi¬ 
rus that's on your system and 
stop a virus during the process 
of infection. The system also 
includes protection of the ma¬ 
chine during the critical boot 
cycle. $119.95. American 
Megatrends, 6145-F Northbelt 
Pkwy., Norcross, GA 30071: 
tel.: 404-263-8181; fax: 404- 
263-9381. 

CIRCLE NO. 3 ON FREE CARD 


Smart Switching 

The 32 Switch Reed Relay 
Card from AccuSys, Inc. add¬ 
in card offers low-power man¬ 
agement of analog or digital 
signals. Relay status can be 
checked through included soft¬ 
ware, and conditional and mul¬ 
ti-conditional switching com¬ 


binations can be created by 
wire wrapping pin headers. 
$395. AccuSys, Inc. 3695 
Kings Row, Reno, NV 89503; 
tel.: 702-746-1111; fax: 702- 
746-2306. 

CIRCLE NO. 4 ON FREE CARD 


Whiteboard For 
the PC 

SoftBoard from Microfield 
Graphics, Inc., combines the 
functionality of the common¬ 
place whiteboard with the cap¬ 
abilities of desktop computers. 
Any information written on the 
SoftBoard surface, using spe¬ 
cial colored markers, is simul¬ 
taneously displayed on a PC or 
Macintosh computer. This data 
can then be saved, printed or 
used in other applications, 
among other things. The 
whiteboard measures 54" X 
60". $2,995. Microfield 
Graphics, Inc., 9825 SW Sun¬ 
shine CT., Beaverton, OR 


97005; tel.: 503-626-9393; 
fax: 503-641-9333. 

CIRCLE NO. 5 ON FREE CARD 

Pocket 
Wireless Fax 

Smith Corona’s Handifax HF- 
1000 pocket-sized PDA fea¬ 
tures wireless fax-send capa¬ 
bilities. Additionally, it offers 
a digital notepad, scheduler, 
calendar, phone book and dial¬ 
er, calculator and clock. A 
pop-up 9,600-baud acoustic 
fax coupler and RJ-11 plug-in 
phone-cable port make it easy 
to send a fax from any loca¬ 
tion. You can type messages 
up to 120 pages in length on 
the unit’s typewriter-style key¬ 
board and view them on its 5 1 - 
character by five-line LCD 
screen. Smith Corona Corp., 

65 Locust Ave., New Canaan, 
CT 06840: tel. 203-972-1471. 

CIRCLE NO. 6 ON FREE CARD 



Smart Switching 



Pocket Wireless Fax 
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Interesting CD- 
ROM Software 

If you have a CD-ROM drive, 
you’ll almost certainly want 
to look into a new software ti¬ 
tle from Virtual Reality Lab¬ 
oratories. Vistapro 3.0 is a 
multimedia extravaganza that 
takes you into the realm of 
virtual-reality landscaping. 

Vistapro runs under DOS 
3.0 or later and Windows 3.1, 
and requires a minimum of a 
386 PC, 4M of RAM, VGA 
video system and a Microsoft- 
compatible mouse. This pack¬ 
age includes Vistapro , Make- 
Path Flight Director and Vis¬ 
ta Morph programs, plus land¬ 
scape files, music tracks and a 
collection of sample images 
and animations. 

Vistapro is a three-dimen¬ 
sional landscape-simulation 
program that enables you to 
recreate and explore land¬ 
scapes on Earth and Mars in 
24-bit color. You can add 
water features and 3D trees 
with individually-shaded 
leaves. Vistapro uses fractal 
texturing to create realistic- 
looking rock surfaces and lots 
more. The program also gen¬ 
erates left and right images for 
3D stereo viewing. This CD- 
ROM version of the program 
lets you export landscapes as 
3D .DXF objects you can use 
with Autodesk's 3D Studio 
and other 3D ray-tracing pro¬ 
grams, allowing you to com¬ 


bine 3D Studio objects with 
Vistapro landscapes in both 
single-frame images and ani¬ 
mation sequences. 

Makepath Flight Director 
is an animation tool for use 
with Vistapro simplifies cre¬ 
ation of “fly-through” anima¬ 
tions. You simply choose the 
type of vehicle—motorcycle, 
glider, cruise missile, etc.—in 
which you wish to travel 
through a landscape and a 
flight path on any Vistapro 
landscape map. Makepath 
automatically converts your 
path into a Vistapro script you 
can run from a single menu 
choice in Vistapro to create 
the animation. 

VistaMorph lets you auto¬ 
mate creation of Vistapro ani¬ 
mations via its point-and-click 
interface. In conjunction with 


Vistapro , VistaMorph creates 
smooth “morphing” transi¬ 
tions from one landscape to 
another or from one Vistapro 
setting—tree height, snow 
line, sun position, etc.—to 
another. VistaMorph lets you 
do such things as create a 
scene that changes from win¬ 
ter to spring and from daylight 
to dusk with lengthening 
shadows and a sky that 
changes from blue to red as 
the sun moves toward sunset. 

After creating an animation, 
you can play it back using ei¬ 
ther of two included animation 
players. You can specify a 
MIDI music file or CD audio 
track to play as a sound track 
with the animation. 

The CD-ROM comes with 
4,690 landscape files that in¬ 
clude much of the US at a res¬ 


olution of 30 meters between 
data points so that you can 
zoom in for details; all of the 
US at a lower level of detail; 
the entire surface of Mars be¬ 
tween 50° south and 50° north 
latitude; Matterhorn, Switzer¬ 
land; Mt. Fuji, Japan; and 
much more. 

Features in the Vistapro 
package include: high-resolu¬ 
tion 24-bit color images; vari¬ 
able focal length “camera” 
lens, unlimited number of 
lighting positions, dithering, 
roughness and blend colors; 
3D wire-frame preview; the 
ability to add lakes and rivers 
to any landscape; user-defined 
color palette, night sky, stars, 
tree line, snow level, waves, 
haze levels; 3D trees, includ¬ 
ing oak, pine, palm and cac¬ 
tus; fractalized clouds; gener¬ 
ation and merging of left and 
right images for 3D stereo 
viewing; exporting of land¬ 
scapes in .DXF format; and 
Autodesk .FLC support. 
Additionally, the program 
supports Windows 24-bit 
.BMP, Targa 24 and .PCX 
image formats. It runs in 386 
protected mode. 

Vistapro 3.0, $149.95. 
Virtual Reality Laboratories , 
Inc., 2341 Ganador CT. f San 
Luis Obispo, CA 93401; tel.: 
1-805-545-8515;fax: 1-805- 
781-2259. 


CIRCLE NO. 7 ON FREE CARD 


PC Power Miser 

Tripp Lite’s Power Miser com¬ 
bination screen monitor and 
surge suppresser saves elec¬ 



tricity by automatically shut¬ 
ting off computer monitors. 
Keyboard activity instantly re¬ 
stores the monitor to its prior 
screen. Monitor shut-off time 
is adjustable between 5 and 60 
minutes via a slide switch. 
Power Miser is also a four-out¬ 
let surge suppresser with spike 
and line-noise filtering for 
connected equipment. The unit 
provides 720 joules of surge 
suppression and features rfi 
and emi noise rejection. 
$99.95. Tripp Lite, 500 N. Or¬ 
leans Ave., Chicago, IL 60610; 
tel.: 312-329-1777; fax: 312- 
644-6505. 

CIRCLE NO. 8 ON FREE CARD 


Mwave 

Multimedia 

Card 

The ACE Advanced Commu¬ 
nication Enhancement system 
from Best Data Products, Inc., 
is an internal card for PCs and 
compatibles that merges fax, 
modem, sound and telephone¬ 
answering capabilities and a 
CD-ROM interface. This is 
made possible by a new DSP 
technology from IBM called 
Mwave. ACE includes a 
14,400/9,600-bps modem/fax, 
a 16-bit audio card with wave- 
table synthesis and a Panason¬ 
ic CD-ROM interface. ACE is 
said to be fully software-up¬ 


grade-able, making it possible 
to add new applications, such 
as V.FAST, color faxing and 
video teleconferencing, as 
these technologies become 
available. $259. Best Data 
Products, Inc., 21800 Nordhoff 
St., Chatsworth, CA 91311; 
tel.: 818-773-9600; fax: 818- 
773-9619. 

CIRCLE NO. 9 ON FREE CARD 


Lightweight 

Cellular 

Adapters 

Data Race’s RediCELL family 
of cellular-telephone data 
adapters are ultra-lightweight 
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Fractal 
Creations, 
Second Edition 

By Tim Wegner & 

Bert Tyler 

(Waite Group Press. Soft 
cover. 470 pages. Includes 
CD-ROM, 3 l h" floppy disk 
and 3D viewing glasses. 
$34.95.) 

This second-edition 
book/CD-ROM/floppy-disk 
package has been updated to 
include more than 1,800 frac¬ 
tal images, a more-powerful 
version of the Fractint pro¬ 
gram and a section filled with 
full-color photos. 
Additionally, the CD-ROM 
includes an Fdesign fractal- 
generation program for creat¬ 
ing intricate patterns of color 
and texture that imitate natur¬ 
al shapes like trees, moun¬ 
tains, water, etc. 

With this package, you can 
generate any of the 99 built-in 
fractal types in full color. You 
can zoom in on any part of a 
fractal image, rotate it, re- 
color it and make it color- 
cycle so that it seems to move 
and rotate on your video 
screen in an unending combi¬ 
nation of colors. You can also 
create a three-dimensional 
stereo version of your fractals 
(and view them in stunning 3D 
stereo vision with the included 
3D glasses) or magnify an area 
to full-screen and then reveal 
new and strange patterns as 
you explore the fractal land¬ 
scape. With Fractint , you can 
create dozens of fractals, 
tweaking parameters, altering 
color palettes and shifting col¬ 
or ranges. On the CD-ROM is 
the complete Fractint source 
code that contains full details 
of high-performance video, 
four-dimensional math and full 


details of how each of the 
built-in fractal images are cre¬ 
ated. 

Fractint includes 25 new 
image types, new fractal 
image effects like orbiting, 
plotting and 4D crystals and 
hypertext on-line help. 
Fdesign lets you program and 
create natural patterns and 
visually edit 1FS equations so 
that you can instantly see the 
effect. 

The Fractal Creations 
book is as interesting and fas¬ 
cinating at the software and 
imagery on the CD-ROM. 

The First three chapters step 
you through installation of 
the software, give you a 
primer on fractals and provide 
you with a hands-on Fractint 
tutorial to get you up to speed 
using the software. The next 
three chapters hone what 
you’ve learned by providing 
fractal recipes, a Fractint ref¬ 
erence and a tour of fractal 
types. Chapter 7 takes you 
into the realm of making IFS 
fractals with Fdesign , while 
Chapter 8 steps you through 
the nuances of the Fractint 
source code. Three ap¬ 
pendices round out the book: 
Fractint and Video Adapters, 
Fractint and GIF Files and 
Complex and Hypercomplex 
Numbers. 

Throughout, this easy-read 
book is profusely illustrated 
with black-and-white photos 
of fascinating imagery, tables, 
drawings and examples of 
code. The 60 fractal-images 
spread over 16 pages of coat¬ 
ed paper are virtually mind- 
blowing in their color, 
designs and almost hypnotic 
effect. If you’re into fractals, 
you need this book/disk pack¬ 
age. If you’re new to fractals, 
this package is almost guaran¬ 
teed hook you! 


adapter cords that enable the 
Data Race PCMCIA 2.0 Redi- 
CARD fax/modem to transmit 
and receive data and fax infor¬ 
mation over the cellular tele¬ 
phone network. RediCELL 
adapter cords are available for 
AT&T 3710/3730, OKI 900/ 
910, NEC P200/300, Motorola 
DCP55 Flip/Ultra Lite and 
Pioneer PCC-700/900 cellular 


phones. RediCELL utilizes a 
3-foot-long cord that plugs 
into a cellular telephone on 
one end and the PCMCIA card 
on the other end. $199. Data 
Race, 11550IH-10 West, Ste. 
395, San Antonio, TX 78230; 
tel.: 210-558-1900; fax: 210- 
558-1929. 

CIRCLE NO. 10 ON FREE CARD 


Power-Saving 
Video Monitor 

Optiquest’s 2000DC 15" flat, 
square high-resolution video 
monitor has built into it a pow¬ 
er-saving feature. It powers 
down in three stages, meets the 
EPA’s Energy Star guidelines 
and is VESA DPMS-compli- 
ant. Also included is a color- 
management system that lets 
you adjust each electron gun 
independently. You can match 
colors to printed output or 
standard color schemes and to 
other monitors. 

With a horizontal scan rate 
of 30 to 65 kHz, the 0.27-mm 
dot pitch monitor supports res¬ 



olutions up to 1, 280 X 1,024 
noninterlaced. The 2000C dis¬ 
plays 1,024 X 768 at a flicker- 
free 60-Hz refresh rate. ARAG 
coating, microprocessor-based 
memory, edge-to-edge display 
and front-access digital con¬ 
trols are additional features. 
$469. Optiquest, Inc., 20490 
Business Pkwy., Walnut, CA 
91789; tel.: 909-468-3750; 
fax: 909-468-3770. 

CIRCLE NO. 11 ON FREE CARD 


"Green" 17" 
Video Monitor 

ViewSonic’s Model 17G ener¬ 
gy efficient 17" video monitor 
is equipped with an easy-to- 
operate on-screen program¬ 
ming system. It powers down 
in three stages, conforms to the 
VESA DPMS standard and 
supports the EPA’s Energy 
Star program. Time to activate 
each of the stages—standby, 
suspended and off—is user- 
programmable. Included is 
power-management software 
that interfaces with most video 
cards. 

On-screen programming lets 



you adjust up to 13 different 
controls at the touch of a but¬ 
ton, including a ViewMatch 
color control system that ad¬ 
justs screen colors to match 
printer output. 

The 17G features 0.28-mm 
dot pitch, maximum noninter¬ 
laced resolution of 1,280 X 
1,024 and 76 Hz refresh at 
1,024 X 768. Other noteworthy 
features are ARAG coating 
and a flat, square screen with 
an edge-to-edge display. It car¬ 
ries a Swedish MPR-II certifi¬ 
cation for low radiation emis¬ 
sions and meets the ISO-9241-3 
VESA standard. $999. View¬ 
Sonic, 20480 Business Pkwy., 
Walnut, CA 91789; tel.: 909- 
869-7976; fax: 909-869-7958. 

CIRCLE NO. 12 ON FREE CARD 


Keyboard- 

Controlled 

Monitors 

Nissei Sangyo America’s Su- 
perScan Elite 21, Elite 17 and 
15S digitally controlled, multi¬ 
scanning monitors let you 
make adjustments from your 
computer keyboard and store 
settings for future use with the 
same application. Adjustments 
include color temperature, hor¬ 
izontal and vertical size and 
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width, brightness, contrast, in¬ 
dividual RGB color and pin¬ 
cushion. All three monitors 
meet power- and screen-saving 
EPA guidelines and comply 
with Swedish MPR-II emis¬ 
sions standards. 

Elite 21 and Elite 17 have 
31 microprocessor-based 
screen presets that automati¬ 
cally adjust the display for best 
performance with all graphics 
standards. Both models also 
have a flat, square CRT with 
an Invar mask and ARAG 
coating. The 21" model has a 
0.28-mm dot pitch, the 17" 
model a 0.26-mm dot pitch. 
Both monitors can handle up 
to 1,600 X 1,200 noninterlaced 
video, with a horizontal fre¬ 
quency of 30 to 82 MHz and 
a vertical frequency of 55 to 
120 Hz. 

The SuperScan 15S has 21 
microprocessor-based screen 
presets and a 15" flat, square 
CRT with 0.28-mm dot pitch 
and anti-glare coating. The 
15S can handle up to 1,280 X 
1,024 noninterlaced video, 
with a horizontal frequency of 
30 to 64 kHz and a vertical 
frequency of 50 to 100 Hz. 
$2,695/$ 1,495/$549 Elite 21/ 
Elite 17/15S. Nissei Sangyo 
America, Ltd., 100 Lowder 
Brook Dr., Ste. 2400, West- 
wood, MA 02090; tel.: 617- 
461-8300. 

CIRCLE NO. 13 ON FREE CARD 


Wave-Table 
Sound Card 

SoundMan Wave from Logi¬ 
tech, Inc., is a 16-bit stereo 
card based on wave-table syn¬ 
thesis. It uses the Yamaha 
OPL-4 chip and has 44 wave- 
table and FM voices, full 
Sound Blaster and AdLib com¬ 
patibility, 16/8-bit stereo or 
mono digital audio, 44-kHz 
sampling. MIDI support, a 
five-channel stereo mixer and 
SCSI CD-ROM interface. In¬ 
cluded are a variety of soft¬ 
ware titles, such as MCS Mus- 
icRack , Recording Session and 
others. $349. Logitech, Inc., 
6505 Kaiser Dr., Fremont, CA 
94555; tel.: 510-795-8500; 
fax: 510-792-8901. 

CIRCLE NO. 14 ON FREE CARD 



Digital Analysis For Analog Scopes 

Digital Analysis 
For Analog 
Scopes 

The MX9100 Logic Scope 
Probe from ITT Pomona con¬ 
verts an ordinary analog oscil¬ 
loscope into a logic-analysis 
instrument that’s said to be 
suitable for examining and an¬ 
alyzing single-shot and repeti¬ 
tive digital signals. This port¬ 
able, pocket-sized instrument 
provides an eight-channel 
reading capability and can be 
daisy-chained to provide up to 
16 or 24 channels. The MX- 
9100 works with any scope 
with a bandwidth of 5 MHz or 
greater, sensitivity of 200 mV/ 
div. and external-triggering 
capabilities. Grabber-type test 
leads and BNC scope interface 
are included. $330. ITT Po¬ 
mona, 1500 E. Ninth St., PO. 

Box 2767, Pomona, CA 91769; 
tel.: 714-623-3463; fax: 714- 
629-3317. 


that can be applied directly 
over the adhesive for instant 
bonding. Applications include 
bonding jumper wires to cir¬ 
cuit boards, fixturing surface- 
mount components, compo¬ 
nent mounting, strain relief 
and general instant bonding. 
$6.95. Planned Products, 303 
Potrero St., Ste. 53, Santa 
Cruz, CA 9506; tel.: 408-459- 
8088; fax: 408-459-0426. 

CIRCLE NO. 16 ON FREE CARD 


VL-IDE Controller 

CMD Technology’s CSA- 
6210 VESA VL-Bus true 32- 
bit IDE Disk Controller sup¬ 
ports up to four IDE hard-disk 
drives and offers compatibility 
with advanced software fea¬ 
tures. An exclusive IDE Soft¬ 
ware Toolkit enables you to 
tailor an exact configuration 
for your system. The CSA- 
6210 is capable of sustained 
transfer rates up to 8.2 M/sec. 


$69. CMD Technology, Inc., 1 
Vanderbilt, Irvine, CA 92718; 
tel.: 714-454-0800. 

CIRCLE NO. 17 ON FREE CARD 

DMM/ 

Oscilloscope 

Combo 

Tektronix’s TekMeter series is 
both a digital multimeter and a 
5-MHz oscilloscope in a bat¬ 
tery-powered, 2-pound pack¬ 
age. The TekMeter THM 550 
is a single-channel instrument, 
the THM 560 is dual-channel 
and the THM 565 is dual¬ 
channel instrument that fea¬ 
tures a back-lit display and ad¬ 
vanced functions. 

The DMM features auto¬ 
ranging dc and true rms ranges 
from 400 mV to 600 volts ac/ 
850 volts dc, resistance ranges 



from 400 ohms to 40 meg¬ 
ohms and diode and audible 
continuity tests. The autorang¬ 
ing oscilloscope features a pro¬ 
prietary signal-tracking tech¬ 
nology that automatically 
finds, scales and displays sig¬ 
nals continuously for hands¬ 
free operation. $859/$999/ 
$1,259. 550/560/565. Tek¬ 
tronix, 14150 S.W. Karl Braun 
Dr., PO Box 500, Beaverton, 
OR 97077; tel: 800-426-2200. 

CIRCLE NO. 18 ON FREE CARD 


CIRCLE NO. 15 ON FREE CARD 


Instant Bonding 

Planned Products’ 4300 Cir¬ 
cuit Works Quick-Bond Gel 
Kit provides instant bonding of 
metals, rubbers and plastics. It 
also contains an accelerator 




VL-IDE Controller 
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Windows Data Acquisition 

Windows Data 
Acquisition 

Saelig’s K 16/PC data-acquisi- 
tion and control card now in¬ 
cludes new datalogging and 
Virtual Multimeter software. 
The data-logging program of¬ 
fers multi-channel, isolated 16- 
bit datalogging. The Virtual 
Multimeter program supports 
logging a user-defined choice 
of A/D signals, digital input 
states and card temperature 
into a disk file, at intervals that 
range from 55 ms to 60,000 
minutes. Each data group can 
be prefixed with time or the 
log interval, which constitutes 
the X-axis if imported into a 
spreadsheet program. The soft¬ 
ware also offers programmable 
setting of input range and low- 
pass filtering. The K 16/PC 
card contains eight 16-bit in¬ 
puts that can be individually 
programmed for voltage or 4- 
to-20-mA current inputs. $399. 


Saelig Co., 1193 Moseley Rci, 
Victor, NY 14564; tel.: 716- 
425-3753; fax: 716-425-3835. 

CIRCLE NO. 19 ON FREE CARD 

SIMCHECK 

Interface 

Aristo Computers’ PC Com¬ 
munication Package links an 
IBM/compatible PC and the 
SIMCHECK memory tester. It 
consists of a small serial inter¬ 
face module that connects to 
SIMCHECK’s expansion slot, 
an RS-232 serial cable and 
communication software for 
the PC. Test results can be 
saved on-disk, viewed and 
printed, and an unlimited num¬ 
ber of test scripts can be set up 
and stored for future use. $295. 
Aristo Computers, Inc., 6700 
SW 105 Ave., Ste. 307, Beaver¬ 
ton, OR 97005; tel.: 503-626- 
6333; fax: 503-626- 6492. 

CIRCLE NO. 20 ON FREE CARD 



SIMCHECK Interface 



Affordable Sound Card 


Affordable 
Sound Card 

Genoa Systems' AudioBlitz 
Classic is a reasonably-priced, 
full-featured sound card that's 
claimed to be compatible with 
all industry standards. It fea¬ 
tures recording and playback 
in eight- or 16-bit mode, PCM 
or ADPCM compression 
modes, an FM synthesizer, di¬ 
rect line-level and microphone 
inputs for recording and an in¬ 
ternal 4-watt audio amplifier. 
Also included is a two-player 
joystick port that can also be 
used as a MIDI interface. Ear¬ 
phones and software accessor¬ 
ies round out the package. $79. 
Genoa Systems, Corp., 75 E. 
Trimble Rd., San Jose, CA 
95131; tel.: 408-432-9090; 
fax: 408-434-0997. 

CIRCLE NO. 21 ON FREE CARD 


Computer 

Maintenance 

Caig Laboratories’ ProGold 
non-abrasive and non-corrosive 
formula conditions gold con¬ 
nectors to enhance conductivity 
characteristics for efficient 
transmit signals. Included with 
the ProGold Computer Kit #20 
are: ProGold Spray, Wipes and 
Pen; CaiKleen, an ultra-pure 
alcohol for tape heads and 
other general cleaning; 
OpticALL for cleaning glass, 
metal and plastics; and lint-free 
accessories. ProGold Kit #10 
additionally includes DustALL 
duster spray and StaticALL for 
neutralizing static build-up. 
Caig Laboratories, Inc., 16744 
W. Bernardo Dr., San Diego, 
CA 92127; tel.: 619-451-1799; 
fax: 619-451-2799. 

CIRCLE NO. 22 ON FREE CARD 



Computer Maintenance 
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PC’s & Parts 


DoubleSpace: 
An Illustrated 
Tutorial 

By Dan Gookin 

( Windcrest/McGraw-Hill. Soft 
cover. 133 pages. $15.95.) 

If you’ve moved up to MS- 
DOS 6.x for the purpose of 
doubling the storage capacity 
of your hard disk using Dou¬ 
bleSpace, you’ll want to add 
this book to your PC library. 
It’s written by an expert to 
guide you painlessly through 
installing and configuring 
DoubleSpace to avoid all the 
pitfalls that can crop up. 

To put you in the proper 
frame of mind, the first chap¬ 
ter tells you all about disks 
and data storage. Once you 
have a foundation on which to 
build, Chapter 2 gets you into 
configuring DoubleSpace and 
includes important informa¬ 
tion on preparing for 
DoubleSpace, making a 
before-installation checklist 
and actual installation, with 
scenarios, the installation pro¬ 
cedure and using the DOS 
editor. Chapter 3 gives you an 
overview of what installing 


DoubleSpace does to your 
system and talks about 
DoubleSpace and DOS mem¬ 
ory management. 

The remainder of the book 
deals with after-installation 
topics. These include adding 
more compressed drives, 
working with a compressed 
drive, altering a compressed 
drive, using DoubleSpace 
with Windows and using 
DoubleSpace utilities. The 
closing chapter is devoted to 
answers to frequently-asked 
questions. 

To get the most out of this 
book — and, by inference, 
DoubleSpace — you don’t 
have to be DOS expert or 
know anything about pro¬ 
gramming. In fact, even if 
you’re a relative newcomer to 
computing, you should have 
little or no problem under¬ 
standing and applying the 
information in this book. The 
text is well-written and easy 
to read, and it’s supported by 
screen captures, drawings and 
useful programming examples 
that go a long way toward 
making DoubleSpace installa¬ 
tion and tune-up for maxi¬ 
mum utility a breeze. 


66-MHz Color 
Notebook 

Micro Express’ new NB8266 
active-matrix color notebook 
PC is based on the 486DX/2- 
66 microprocessor. Its 10" 
active-matrix TFT LCD color 
VGA display features CCFT 
back-lighting and a resolution 
of 640 X 480. The notebook 
PC also offers a Type III 
PCMCIA expansion slot, built- 
in trackball, intelligent power 
management, a 200M hard 
disk, 4M of RAM and flash 
BIOS. Also included are a 



Vh" floppy-disk drive, carry¬ 
ing case, quick-charge Ni-Cd 
battery and automatic-switch¬ 
ing ac adapter. Weight is 7.2 
pounds. $4,499. Micro Ex¬ 
press, 1801 Carnegie Ave., 
Santa Ana, CA 92705; tel.: 
714-852-1400. 

CIRCLE NO. 23 ON FREE CARD 

Printer Sharing 

The ASP Computer Products 
SNAP Starter Kit printer-shar¬ 
ing system includes two trans¬ 
mitters and one receiver and 
two 25-foot cables. Light¬ 
weight, telephone-type modu¬ 
lar cables link the transmitters 
to the receiver. The SNAP Re¬ 
ceiver plugs into the standard 
Centronics parallel port of a 
printer, while the SNAP Trans¬ 
mitters plug into the parallel 
ports of two PCs. $159. ASP 
Computer Products, Inc., 160 
San Gabriel Dr., Sunnyvale, 
CA 94086; tel.: 408-746-2965; 
fax: 408-746-2803. 

CIRCLE NO. 24 ON FREE CARD 


MOTHERBOARDS | 

■■■■KHHi ■ HHIHH m 

386/33 SX $129 

386/40 64K CACHE $149 
486DL3364KCAQ-E $199 
486/33 128K VESA $399 
486/66 128K VESA $549 
486/50 256K VESA $549 
486/66 EISAA/ESA $759 



486/33DX with 64k SRAM 
Cache, 4 megs RAM, 1.44 
Floppy, 16Bit Dual (1:1) 
HD/FD controller, 1 Parallel 
2 Serial Ports, 101 Key 
Enhanced keyboard, Mini 
tower case, SVGA Monitor 


All Boards with CPU’s. All are AMI 
BIOS with OPTI or other C/S. Mini 
size fits nearly all cases. Std. power 
conctrs. Fax Fact #1115 

DRAM | 

1 Meg SIMMS 3 chip $Call 
1 Meg SIMMS 9 chip $Call 
4 Meg SIMMS 9 chip $Call 

All SIMMS are 70 ns speed. Call 
for faster speeds . Fax Fact # 

1112 _ 

HARD DRIVES | 

80MB 19 MS $169 

130MB 16 MS $179 
210MB 15 MS $249 
245MB 14 MS $279 
540MB12MS $379 

All Drives are IDE type. Add $19 
for 16 bit controller card. Maxtor& 
Seagate drives. Fax Fact # 1120 


FLOPPY DRIVES 

mnhmhmhhmimBmHmhmmnh 

1.44MB, 3.5 inch $49 

1.2MB, 5.25 inch $55 


MONITORS 


12" Amber Mono $89 

14" VGA Mono $129 

14" SVGA .28 Int’lace $249 
14" SVGA .28 Non/lN$299 
17" SVGA Non/IN $629 

VGA Card 512k $69 

SVGA Card 1M $89 


VESA Accelerator 1M $189 


All Monitors Carry One year 
Factory warranty. Fax Fact #1114 


w 1MB card, 130 meg HD. 


$1195.00 

SYSTEM OPTIONS 1 

. . * _ „ —. j . 

386/40 64k cache 

—$195 

486/33 VESA 

+ $139 

486/50 VESA 

+ $579 

Add’l 4 MB DRAM 

+ $Call 

Add’l 12 MB DRAM+ $Call 

1MB SVGA card 

+ $15 

S3 Accelerator 

+ $199 

17" VGA 

+ $379 

210MB Hard Drive 

+ $70 

386/33 SX mb 

—$229 


To custom configure your system, 
start with the 486/33 PC on top and 
add or subtract components as 
desired for your custom designed 
system. Fax Fact #1200 


LANtastic PC LANS 

I 



Ethernet 10Mbps Kit $495 
Ethernet Coax Card $ 199 
Ethernet 10BASE-T $299 
Central Station $399 
2Mbps Starter Kit $349 
2Mbps Card $149 

Zero Slot Lan Ser/Par $95 
LANtastic fcr Netware $295 
Sounding Board $79 

Use LANtastic, the top rated DOS 
based LAN for file & printer 
sharing. Made in USA, 5 year 
warranty. Fax Fact #1122 , 1125. 


ACCESSORIES 


Printers, Modems, Fax Cards, 
"Mice" etc. Call Toll Free for info. 


Dial 317 849 8683 to get instant tech information 
FREE from your Fax! You can obtain specs and info on 
these products and more by dialing our Fax Facts automated 
service. Call our number from your fax, then request the document as listed 
above. Start your fax.and the document will begin printing immediately on your fax! 

OrderTollFnee24HoursaDay! Dial 1-800-445-7717 

Fax in your order Toll Free, 1-800-448-1084 

Use 800 numbers in all 50 states, plus Canada. International voice lines, 317-842-7115 
or fax 317-849-8794 . Use our BBS for information by dialing 317-579-2045 

ACE Communications 10707 East 106th Street, Fishers, IN 46038 

Checks, Approved P.O.’s & C.O.D. (add S5.00) & AMEX. Prices, 

1-HI specifications and availability subject to change. Express shipping 

VISA available. No returns accepted two weeks after original receipt 
without substantial restocking charge. All units carry full 
-H factory warranty. IN residents add 5% sales tax. 




CIRCLE NO. 55 ON FREE INFORMATION CARD 
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By Jan Axelson 


How to Use a PC's Parallel 
Port for Monitoring and 
Control Purposes 

Part 1 

Signals, Cables and Interfacing 


ust about all IBM-compatible 
personal computers have a paral¬ 
lel port that you can access via a 
rear-panel connector. The port’s origi¬ 
nal purpose was to provide a printer 
interface, which is still its most com¬ 
mon use. But users and product devel¬ 
opers have also learned that the port’s 
eight outputs, five inputs, and four bi¬ 
directional lines are enough for many 
basic monitoring, control, data-trans- 
fer and other applications. The result 
is that the parallel port has become a 
popular location into which to plug all 
kinds of things besides printers. 

For circuit design and testing, there 
are parallel-port programmers, volt¬ 
meters, oscilloscopes and logic ana¬ 
lyzers. For portable computers, or any 
computer that doesn’t have an empty 
expansion slot or drive bay, you can 
buy parallel-port versions of standard 
add-ons like tape backup drives, net¬ 
work adapters, joystick interfaces, and 
even sound systems. Other products 
include car-engine diagnostic tools and 
controllers and data loggers of all types. 

Because a parallel-port device 
plugs into the computer’s rear panel, 
you don’t have to open the cover of 
your system unit for installation, and 
you can easily move whatever device 
you connect to a different computer 
when needed. 

In this two-part article I provide 
you with a guide to the PC’s parallel 
port, including what you need to know 
to design your own parallel-port inter¬ 
faces. You may also leam a few things 
that will help you better understand 


how to use the parallel port with print¬ 
ers and other commercial products. 

Original Parallel Port 

The standard parallel port offers just 
one of many ways to add user-acces¬ 
sible inputs and outputs to a personal 
computer. There are dozens of expan¬ 
sion cards with rear-panel connectors 
that permit access to various combi¬ 
nations of inputs and outputs. But the 
focus here is on the standard parallel 
port that just about every MS-DOS 
computer has. 

The circuitry and connector for the 
parallel port are usually on an expan¬ 
sion card, although sometimes, espe¬ 
cially in portable computers, the cir¬ 
cuits are on the motherboard. Because 
the port circuits aren’t complex, the 
expansion card almost always in¬ 
cludes additional functions. Some 
parallel ports are on multifunction 
cards that include serial and game 
ports, while others are added to disk 
controllers or display adapters. 

MS-DOS refers to the parallel port 
as LPT1 (line printer 1), or LPT2 and 
LPT3 for additional ports. Another 
name for the parallel port is printer 
port, reflecting its most common use. 
The rear-panel connector is a female 
25-pin D-shell connector (not to be 
confused with the male 25-pin D-shell 
connectors used on many serial ports). 

Each parallel port has one of three 
possible base addresses in memory: 
3BCh, 378h, or 278h. You change 
address by moving a jumper or run¬ 


ning a setup utility. Some ports permit 
just one or two of the three addresses, 
and a few let you to choose any un¬ 
committed address, including non¬ 
standard ones. If you lack documenta¬ 
tion for a port, look on the card for 
labeled jumpers. 

When the computer boots, a BIOS 
routine looks for a port at each of the 
three addresses in the order listed 
above. The BIOS determines whether 
or not a port exists by writing to it and 
then reading back what it wrote. If the 
read is successful, the port exists. The 
first port found is called LPT1, the 
second, LPT2, and the third, LPT3. So, 
LPT1 may be at any of the base ad¬ 
dresses. If it exists, LPT2 may be at 
378h or 278h, and LPT3 can only be 
at 278h. 

The BIOS routine stores the port 
addresses in a table from 40:8 to 40:F, 
beginning with LPT1. The top two 
bytes (for LPT4) are rarely used. 

You can swap printer designations 
by swapping the values in the table. 
Therefore, it’s possible to vary from 
the original configuration. You might 
want to do this if a program supports 
only LPT1 and your printer is on port 
LPT2. 

Two hardware interrupts, 5 and 7, 
are commonly associated with the 
parallel ports. Some cards allow you 
to select an interrupt with a jumper or 
setup utility, while others are hard¬ 
wired to a specific interrupt. 

Conventionally, LPT1 uses interrupt 
7 and LPT2 uses interrupt 5. However, 
since on XT-type computers, the hard 
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Table 1. Signals and Their Functions on PC Parallel (Printer) Port 


D-Shell 

Connector 

Pin 

Signal 

Function 

I/O at 

D-Shell 

Connector 

Register 

Register 

Bit 

Inverted 

at 

Register 

Centronics 

Connector 

Pin 

1 

-STB 

Strobe DO Thru D7 

I/O 

Control 

0 

Y 

1 

2 

DO 

Data Bit 0 

O* 

Data 

0 

N 

2 

3 

D1 

Data Bit 1 

O* 

Data 

1 

N 

3 

4 

D2 

Data Bit 2 

O* 

Data 

2 

N 

4 

5 

D3 

Data Bit 3 

0* 

Data 

3 

N 

5 

6 

D4 

Data Bit 4 

0* 

Data 

4 

N 

6 

7 

D5 

Data Bit 5 

0* 

Data 

5 

N 

7 

8 

D6 

Data Bit 6 

0* 

Data 

6 

N 

8 

9 

D7 

Data Bit 7 

0* 

Data 

7 

N 

9 

10 

-ACK 

Acknowledge 

1 

Status 

6 

N 

10 

11 

BSY 

(Triggers interrupt) 
Printer Busy 

1 

Status 

7 

Y 

11 

12 

PE 

Paper End 

1 

Status 

5 

N 

12 

13 

SEL 

(Out of Paper) 

Printer Selected 

1 

Status 

4 

N 

13 

14 

-AUTOLF 

(On-Line) 

Automatic Line 

I/O 

Control 

1 

Y 

14 

15 

-ERR 

Feed After CR 

Error 

1 

Status 

3 

N 

32 

16 

—INIT 

Initialize Printer 

I/O 

Control 2 


N 

31 

17 

-SELIN 

Select Printer 

I/O 

Control 

3 

Y 

36 

18-25 

GND 

(Plate On-Line) 

Ground 

1 

_ 

_ 

N 

16, 19-30,33 

— 

NC 

No Connection at PC 

— 

— 

— 

— 

15,17,18,34,35 


*Some data ports are bidirectional (I/O). 


disk uses interrupt 5, it’s not available 
for the parallel port. 

Although interrupt-driven software 
is fast, most parallel-port printer driv¬ 
ers don’t use interrupts. This is partly 
due to a problem on the original paral¬ 
lel port and many of its imitators. On 
these ports, the interrupt-request line 
isn’t latched. So if the pulse is short, 
the computer may not see it at all. 

Table 1 summarizes the signals at 
the parallel port connector. These sig¬ 
nals more or less follow the printer 
interface popularized by the Centron¬ 
ics Data Computer Corporation, al¬ 
though the 25-pin connector doesn’t 
use all of the 36 lines in the original 
interface. Centronics was an early 
manufacturer of low-cost dot-matrix 
printers, and, although Centronics 
printers are no longer made, the name 
lives on in the connector, signals and 
pinout that the company made popular. 

Although each signal has a name 
that suggests a particular function, 
you don’t have to use the signals for 
their intended puiposes. For example, 
you can use the paper-end signal for 
any type of input, not just to announce 
that a printer is out of paper. 

• Inputs and Outputs. You can access 
the parallel port through both MS- 
DOS and the ROM BIOS. Services 
00, 01, and 02 of BIOS interrupt 17h 


enable you to send a byte to the print¬ 
er, initialize the printer and get printer 
status. DOS interrupt 21 h, function 
05, also writes a byte to the printer, 
and function 40h can direct a block of 
data to a parallel port. But for full ac¬ 
cess to all of the port’s 17 signals, you 
need to read and write directly to the 
port. To do this, you ignore the DOS 
and BIOS functions and instead read 
from and write directly to the port’s 
data, status and control registers 
shown in Fig. 1. 

• Data Lines. Data lines DO through D7 
are eight outputs that carry the data to 
be printed to the printer. For other ap¬ 
plications, you can use the data lines 
as general-purpose outputs. To con¬ 
trol the states of pins 2 through 9 on 
the parallel connector, you just write 
the desired data to the data register, 
whose address is the base address of 
the port. For example, to bring high 
D4 through D7 and low DO through 
D3, you’d write FOh to the data regis¬ 
ter. In BASIC, you use the OUT state¬ 
ment, as follows: 

OUT DataRegisterAddress, DataPortData 

or, using the base address 3BCh and 
data FOh, 

OUT &h3BC,&hF0 


Listing 1 is a QuickBASIC program 
that brings each of a data-port pins 
high, one at a time. 

Some parallel ports have bidirec¬ 
tional data lines, which you can use as 
inputs as well as outputs. Later, I’ll 
explain how to determine if you have 
a bidirectional port and how to use a 
bidirectional data port for input. 

• Status Lines. The status lines are five 
inputs that you read at a status regis¬ 
ter, which has an address of base ad¬ 
dress + 1, or 3BDh for a port with a 
base address of 3BCh. The status reg¬ 
ister is read-only; writing to it has no 
effect. The Five status lines use Bits 3 
through 7 in the register, correspond¬ 
ing to pins 10 through 13 and 15 at 
the connector. Bits 0, 1 and 2 aren’t 
used. To read the status inputs, you 
read the status port. In BASIC, you 
use the INP function: 

PRINT INP(StatusPortAddress) 
or instead use 
PRINT INP(&h3BD) 

However, the value you read 
doesn’t exactly match the logic states 
at the connector. Bits 3 through 6 read 
normally. The bits in the status regis¬ 
ter match the logic states of their cor¬ 
responding pins. Bit 7, however, con¬ 
tains the complement of the logic 
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DATA REGISTER 
8 OUTPUTS 


REGISTER 



SOME DATA PORTS ARE BIDIRECTIONAL. 


STATUS REGISTER 
5 INPUTS 


REGISTER PIN 



WITH INTERRUPTS ENABLED, 
TRANSITIONS AT PIN 10 (ACK) 
TRIGGER INTERRUPTS. 


CONTROL REGISTER 
4 BIDIRECTIONAL LINES 

REGISTER PIN 



TO USE BITS 0-3 AS INPUTS, WRITE 
04 TO THE CONTROL REGISTER. 


POSSIBLE 


REG I 

STER ADDRESSES 

DATA 

STATUS 

CONTROL 

( BASE 
ADDRESS) 

(BASE+1) 

(BASE+2) 

3 BCH 

3 BDH 

3BEH 

378H 

379H 

37AH 

278H 

279H 

27AH 


Fig. 1 . The computer uses these three registers to read from and write to the parallel port. 
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state at pin 11 (BUSY). So, to find the 
actual logic states at the connector, 
you complement, or invert, Bit 7. 

The Boolean Exclusive-OR (XOR) 
operator is an easy way to invert one 
or more bits in a byte, while leaving 
the other bits unchanged. As the fol¬ 
lowing truth table shows, the result of 
an XOR operation is 1 only when the 
inputs consist of one 1 and one 0: 

ABA XOR B 

0 0 0 

0 1 1 

1 0 1 

1 1 0 


To invert selected bits in a byte, 
first create a mask byte in which the 
bits you want to invert are Is and the 
bits to ignore are Os. For example, to 
invert Bit 7, the mask byte would be 
10000000, or 80h. If you XOR this 
byte with the byte read from the status 
register, you end up with the actual 
value at the connector. The mask byte 
gets its name because the 0s mask, or 
hide, the bits you don’t want to 
change. Here’s an example: 

10101XXX Status port inputs, Bits 3 

through 7, at connector (X = 
don’t care) 

00101XXX Result when you read the 

status register (Bit 7 inverted) 
10000000 Mask byte to make Bit 7 
match connector 

10101XXX XOR of previous two bytes; 

result matches logic states at 
connector 



hardware interrupt. When Bit 4 is 
high, a falling edge at status input 
ACK (pin 10) generates an interrupt. 
(A few ports interrupt on the rising 
edge of ACK.) To use the interrupt, 
you must install an interrupt routine 
that responds to the port's assigned 
interrupt. If you aren’t using the inter¬ 
rupt, don’t bring high Bit 4. Bits 5, 6 
and 7 in the control port are unused in 
most parallel ports. In ports with bidi¬ 
rectional data lines. Bit 5 or 7 may 


configure the port as input or output. 

To write to the control lines, you 
write to the control register: 

OUT ControlRegisterAddress, 
ControlPortData 

This statement writes OAh to a control 
register at 3BEh: 

OUT &h3BE, &h0A 

Like the status port, the control port 


This BASIC statement will display 
the actual logic states at the status- 
port pins, for a port with a base ad¬ 
dress of 3BCh: 


PRINT INP(&h3BD XOR &h80) 

Listing 2 is a BASIC program that 
reads the status port and displays the 
logic state at each of the status inputs. 
• Control Lines. In addition to the data 
and status ports, the parallel port con¬ 
tains a bidirectional control port. You 
can use its four lines as inputs or out¬ 
puts, in any combination. The control 
register’s address is base address + 2, 
or 3BEh for a port with a base address 
of 3BCh. The four control lines use 
Bits 0 through 3 in the register, which 
correspond to pins 1, 14, 16 and 17 on 
the connector. 

Bit four enables the parallel port’s 


Listing 2. Routine For Reading Parallel Port’s Status Lines 

‘ Bit # Pin on 25-pin D-connector 

‘ 3 15 

‘ 4 13 

‘ 5 12 

‘ 6 10 

‘ 7 11 


The program reads the status register and displays the result. 

StatusPort = &H3BD 

‘set to match address of current port 
‘(3BDh, 379h, 279h) 

A = INP(StatusPort): 

A = A XOR &H80: 

A = A AND &HF8: 

‘read status register 
‘register contains complement of bit 7 
‘XORing with 10000000 gives the value 
‘at the connector 
‘ignore bits 0-2 

PRINT “Status Port = HEX$(A) 

FOR 1 = 3 TO 7 

‘display hex value of bits 3-7 at connector 
‘display each bit individually 

PRINT “Status Port Bit 1; “ = (A AND 2 ^ 1) / 2 A 1 

NEXT 1 

1 END 
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has inverted bits. At the connector, 
Bits 0, 1 and 3 are the complements 
of their logic states in the control reg¬ 
ister. Only Bit 2 reads normally. So, if 
you write OFh to the control register, 
you actually write 04h to the connec¬ 
tor. To make the value you write 
match the result at the connector, 

XOR the value with OBh (00001011), 
as this example shows: 

OUT &h3BE, &h0A XOR &h0B 

Listing 3 is a BASIC program that 
brings high each of the control port’s 
bits in turn. 

You can also use the control lines 
as inputs. In early designs, the control 
port’s outputs were 7405 open-collec¬ 
tor inverters with 4,700-ohm pull-up 
resistors. The outputs also connect to 
input buffers. When the open-collec¬ 
tor outputs are high, you can drive the 
input buffers with other digital out 
puts. In newer port designs, the com¬ 
ponents vary, but the port should re¬ 
tain the ability to use a control bit as 
input when the output is high. Figure 
2 shows the difference between open- 
collector outputs and the other com¬ 
mon type of output, the totem-pole. 

At an open-collector output, a low 
output causes the output transistor to 
conduct, creating a low resistance 
from the output pin to ground. A high 
output requires a pull-up resistor to 
bring the output to a valid logic-high 


level. If you connect a high output to 
ground, current flows through the 
pull-up resistor, but with a 4,700-ohm 
resistor, it’s just a little over 1 mA. 
This is why you can tie together two 
or more open-collector outputs, and 
any low will bring low the combined 
output. This is often called a “wired- 
OR” gate, although in positive logic 
(high = 1 and low = 0), the outputs 
form an AND gate, with any low out¬ 
put bringing low the combined output. 

The outputs of some NMOS and 
CMOS devices are similar to open- 
collector in this way. They have on- 
chip pull-up devices, and writing a 1 
to an output allows you to use it as 
input. The ports on the 8051 and 
80C51 microcontrollers are examples 
of this type of output. In contrast to 
open-collector, most LSTTL devices 
have a different type of output, called 
totem-pole, with two transistors 
stacked one above the other “totem- 
pole” style. When the output is low, 
the lower output transistor conducts, 
similar to an open-collector output. 
But when the output is high, the upper 
transistor conducts, creating a low- 
resistance path to +5 volts. 

If you tie together two totem-pole 
outputs, when one is high and the oth¬ 
er is low, you end up with a lot of cur¬ 
rent in the output transistors as they 
battle for control. The resulting logic 
level is unpredictable. More impor¬ 
tantly, the currents may destroy the 


components. Outputs on most digital 
CMOS devices have complementary 
outputs that are similar to totem-pole. 

If you tie a totem-pole output to an 
open-collector output, you’re okay if 
the open-collector output stays high. 

If it goes low and the totem-pole out¬ 
put is high, you end up with the same 
battle for control and excess currents. 
So, to prevent problems, use open- 
collector outputs to drive the control 
inputs. 

To bring high all four of the control 
port’s outputs to use the bits for input, 
write 04 to the control register: 

OUT &h3BE, 4 

Because bits 0, 1 and 3 are inverted at 
the connector, you write 04, not OF, to 
bring Bits 0 through 3 high. To read 
the control inputs, you then read the 
control register with: 

PRINT INP(ControlRegisterAddress) 

or else 

PRINT INP(&h3BE) 

The value read has Bits 0, 1 and 3 in¬ 
verted from their logic states at the 
connector. To re-invert Bits 0, 1 and 3 
and display the actual value at the 
connector, use this statement: 

PRINT INP(&h3BE) XOR &h0B 

Listing 4 is a BASIC program that 
reads the control port and displays the 
logic state at each of the control 
inputs. 

• Bidirectional Data Ports. If you need 
eight bits of input, you can combine 
inputs from the status and control 
ports to achieve a byte of input data. 
For some applications, though, it 
would be convenient to use the data 
port as an eight-bit input, and some¬ 
times you can do just this. 

In older PCs, and many newer ones, 
the data port is designed for only out¬ 
put. In the original design, the data 
outputs were driven by a 74LS374 
octal flip-flop. The data pins also con¬ 
nect to an input buffer, but reading the 
buffer tells you only the last value 
written to the outputs. (The input buf¬ 
fer is what enables you to test for the 
existence of the port by writing to it 
and then reading back what you 
wrote.) But because there’s no way to 
turn off the outputs, you can’t read 
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Fig. 2. At parallel ports that have open-collector or similar outputs, you can drive the input buffer with an external source. 
At ports that have totem-pole outputs, driving the input buffer with an external source has unpredictable results and may 
damage the circuits. 


external signals at the data port. In 
fact, connecting outputs to the data 
port may destroy the port’s circuits. 

Beginning with its PS/2 model in 
1987, IBM began to offer a bidirec¬ 
tional parallel port, the data lines of 
which can function as inputs as well 
as outputs. Other computer vendors 
have also added bidirectional ports. 
For example, computers that use In¬ 
tel’s 386SL or 486SL Superset have 
an I/O Subsystem chip that includes a 


bidirectional parallel port. 

Typically, to use a bidirectional 
port for input, you must first run a set¬ 
up program or move a jumper to con¬ 
figure the port for bidirectional opera¬ 
tion. You then select input or output 
by setting or clearing a bit in the con¬ 
trol register—usually Bit 5, but some 
ports use Bit 7. 

If your computer doesn’t have a bi¬ 
directional port, you can get one by 
adding an inexpensive expansion 


card. Essential Data carries several, 
including STB’s DSP550 ($37), with 
one parallel port and two high-speed 
serial ports. Other suppliers have sim¬ 
ilar products. But many cards and 
computers, even newer ones, still 
don’t have bidirectional data lines. 
Also, because all parallel ports have 
status and control inputs, any vendor 
can call its ports bidirectional, even if 
the eight-bit data port is output-only. 
So be sure you know what you’re 
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Listing 4. Routine For Reading Parallel Port’s Control Lines 

‘ Bit # Pin on 25-pin D-connector 

‘ 0 1 

‘ 1 14 

‘ 2 16 

‘ 3 17 


The program reads the control register and displays the result. 

ControlPort = &H3BE: 

‘set to match address of current port 
‘(3BEh, 37Ah, 27Ah) 

OUT ControlPort, 4 AND &HF: 

‘bring bits 0-3 high to allow use as inputs 

A = INP(ControlPort): 

‘read control register 

A = AXOR&HB: 

‘register contains complements of bits 0,1,3 
‘exclusive ORing with 00001011 gives 
‘the values at the connector 

A = A AND &HF: 

PRINT “Control Port = HEX$(A) 

‘ignore bits 4-7 

‘display hex value of bits 0-3 at connector 

FOR 1 = 0 TO 3 

‘display each bit individually 

PRINT “Bit ", 1, M = (A AND 2 A 1) / 2 A 1 

NEXT 1 

END 


buying, or that you can return the card 
if it doesn’t do what you need. 

For the adventurous, it’s possible to 
use some output-only data ports for 
input. On some ports you can bring 
high the data outputs and drive the 
input buffer with an external signal, 
much as you do on the control port. 
This method risks component damage 
if you make a mistake, and maximum 
speed may be less than that of a true 
bidirectional port. This said, to under¬ 
stand how to use an output port for 
input, you need to examine the cir¬ 
cuits involved. 

Although it’s convenient to think of 
digital logic as a collection of logic 
gates that respond perfectly to their 
inputs, sometimes it’s necessary to 
see what is actually driving the cir¬ 
cuits. On the original parallel port, a 
74LS374 provided the data outputs. 
These days, there’s no telling exactly 
what’s connected to the port pins. In 
researching this article, I examined 
several parallel ports of different vin¬ 
tages. One older card did, indeed, use 
a 74LS374 to drive the data port and 
other common DIP ICs for the status 
and control lines. On another card, a 
single 100-lead surface-mount chip 
contained almost all of the circuits 
needed to control the parallel port and 
a monochrome display adapter. My 
guess is that the chip is an ASIC (ap¬ 


plication-specific IC) designed for the 
expansion card. On a third card, 
which also contained a disk control¬ 
ler, the parallel port and other circuits 
were controlled by a 68-lead LCC 
(leaded chip carrier) with the designa¬ 
tion HM83C452. A crystal connected 
to two of the leads, which makes me 
suspect that the chip is a microcon¬ 
troller of some type. Since Philips’ 
83C451 is a version of the 80C51 
microcontroller in a 68-lead LCC, 
perhaps the 83C452 is a similar chip. 

At any rate, the actual components 
that control the parallel port vary 
widely. To use an “output-only” data 
port for input, you must have outputs 
that use open-collector or a similar 
design. You can’t use totem-pole out¬ 
puts like the 74LS374s. 

If you have a schematic diagram of 
your port, you can use it to find out 
what’s driving your data outputs. If 
they use a 74LS374, you can’t use the 
data port for input, unless you modify 
the circuits as described below. For 
other components, if the part number 
is recognizable, you can consult a 
data book for details about the chip. 
Alternatively, you can perform the 
following tests: 

First, write FFh to the data port and 
measure the voltages at pins 2 through 
9. If you measure less than 4.5 volts, 
the outputs are probably totem-pole. 
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and the port isn’t suitable for input. If 
you measure close to +5 volts, con¬ 
nect a 1,000-ohm pull-down resistor 
from output to ground. If the output 
voltage drops by 0.5 volt or more, the 
output is probably open-collector or 
similar. This means that you can use 
the data port for input by writing FF 
to the data port and then driving the 
input buffer with a 7406 or another 
strong open-collector driver. Reading 
the data port should then tell you the 
logic states at the external driver’s 
outputs. See the December 1992 
ComputerCraft for more details on 
this method, including how to connect 
two computers for bidirectional trans¬ 
fer. (Back issues of Compute rCraft 
are available for $3.50 each from 
Microcomputer Journal.) 

If you have a card that uses a 74LS- 
374 for the data outputs, you can make 
the port bidirectional by modifying 
the circuits. Although buying a card 
with a true bidirectional port is easier, 
quicker and economical, the following 
are two options for the determined: 

(1) Make and add a small daughter¬ 
board that replaces the 74LS374 with 
7407s or another open-collector de¬ 
vice with pull-up resistors. The July 

1993 issue of ComputerCraft has de¬ 
tails on this. 

(2) Control the 74LS374’s outputs 
by cutting the ground connection at 
the 74LS374’s OE (output-enable 
line) at pin 1 and tying pin 1 to one of 
the parallel port’s control outputs. 

This control bit then determines the 
port’s direction, where 0 enables the 
data outputs for an output port and 1 
disables the outputs and allows you to 
use the data port for input. 

Speed 

How fast can you read or write to the 
parallel port? The answer depends on 
the speed of your computer and the 
speed of your software, which de¬ 
pends on both the programming lan¬ 
guage and the program you write. Us¬ 
ing assembly language, you can read 
the parallel port and store the value in 
memory or write a value from memo¬ 
ry to the port, using just a few instruc¬ 
tions. However, most real-world ap¬ 
plications involve more than these 
basic operations, and any processing 
or calculations on the data will slow 
the transfer rate. Using BASIC, C or 
any compiled or interpreted program- 
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ming language will also slow things. 

As a very general rule, it’s possible 
to achieve transfer rates of 40K to 
80K bytes per second on fast comput¬ 
ers, and 10K to 15K bytes per second 
on an 8-MHz machine. 

Some newer port designs, including 
the enhanced parallel port in Intel’s 
SL chipset, and ports that follow the 
IEEE’s new 1284 standard, can trans¬ 
fer data at 1M byte per second. Some 
network adapters, drives and other 
parallel-port devices use these faster 
methods when they detect a high¬ 
speed port. 

Parallel-Port Cables 

For experimenting with a parallel 
port, you need a cable that permits 
easy access to the signal lines. Stan¬ 
dard printer cables typically have a 
male 25-contact D-shell connector on 
the computer end and a male 36-con¬ 
tact Centronics connector on the 
printer end (with 11 contacts that 
aren’t used). Therefore, one solution 
is to use a standard printer cable and 
wire a 36-contact female Centronics 
connector to your circuits. If you want 
to use a different type of cable or con¬ 
nector, for best results, there are some 
things to be aware of. 

In an ideal cable, the signal at an 
input exactly matches the output that 
drives it. In reality, as signals travel 
along a cable, they degrade and pick 
up noise due to the conductor’s resis¬ 
tance, crosstalk from adjacent con¬ 
ductors, reflected signals, poor 
grounding and other problems. Unlike 
the RS-232 serial interface, which can 
use cables of 100 feet and longer 
without problems, parallel-port cir¬ 
cuits aren’t designed for data transfers 
over long distances. This is why par¬ 
allel cables are typically 15 feet or 
less in length. There are some things 
you can do to minimize problems in 
parallel links, however. 

Metal shielding blocks radio-fre¬ 
quency (rf) interference and also pre¬ 
vents capacitive coupling between con¬ 
ductors on opposite sides of the shield. 
Most standard printer cables are shield¬ 
ed with a foil or other metal covering 
around the conductor bundle for the 
length of the cable. On some molded 
cables, shielding extends to the con¬ 
nectors. Shielding does nothing to pre¬ 
vent magnetic, or inductive, coupling 
between conductors in the cable, how- 


































































ever, and this can be a bigger problem. 
A simple way to minimize magnetic 
coupling is to use twisted-pair cable in 
which each conductor is paired with 
another and the conductors in each pair 
wind around each other with a full 
twist every inch or two. 

Ideally, in a twisted-pair cable, each 
signal conductor is paired with a 
ground conductor that provides a re¬ 
turn path. This minimizes the area of 
the current loop formed by the signal 
and return conductors, which, in turn, 
reduces the ability of signals to mag¬ 
netically couple into adjacent conduc¬ 
tors. Also, twisting causes noise that’s 
picked up in one twist to tend to can¬ 
cel in the next. 

Unfortunately, the parallel-port 
connector doesn’t have sufficient pins 
to give each of the 17 signals its own 
ground return. You do get eight ground 
pins, though. So, as a last resort, you 
could tie two conductors to a pin. 

Ordinary ribbon cable doesn’t have 
twisted pairs, but the ground conduc¬ 
tors in the cable alternate with D3 
through D7 and the four status lines. 
This helps to reduce noise. You can 
also buy twisted-pair ribbon cable, 
which has 18" sections of twisted 
pairs alternating with 2" flat untwisted 
sections to permit crimping IDCs (in¬ 
sulation-displacement connectors). 
Digi-Key is one source for these. 

If you use a cable with D-shell con¬ 
nectors on both ends, be sure that the 
cable contains 25 conductors. Many 
serial cables use 25-pin D-shell con¬ 
nectors, but the cables themselves 
have 10 or fewer conductors. 

Connectors 

If you want to use a solderless bread¬ 
board or perforated board that has 
holes on 0.1" centers, the pin spacing 
on a Centronics or D-shell connector 
doesn’t match. A few perforated 
boards have pads intended for a D- 
shell connector. If you have one of 
these, you can use a pc-board-mount 
connector, or you can use a solder- 
cup D-shell connector and solder indi¬ 
vidual conductors to it. 

For use with a solderless bread¬ 
board, another option is to use a 25- 
conductor ribbon cable with a male 
D-shell connector on one end and a 
DIP connector on the other. The DIP 
connector has two rows of pins with 
the same spacing as a DIP IC. The 
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ribbon cable slides under the connec¬ 
tor’s cover and crimps onto the tops 
of the pins. The connector then plugs 
into a breadboard, perforated board or 
IC socket, permitting easy access to 
all of the port’s lines. 

Hand-held IDC tools are available 
for crimping onto ribbon cable, or you 
can just use a vise to press the cable 
onto the contacts. 

Another option for use with perfo¬ 
rated board is a ribbon cable that has a 
dual-row socket connector that plugs 
into a dual header. Digi-Key is one of 
many sources for connectors. 

Port Interfacing 

The parallel port uses ordinary 5-volt 
logic, or at best bus drivers and re¬ 
ceivers, to send and receive over ca¬ 
bles of 8 to 15 feet in length. The cor¬ 
rect interface to these components can 
reduce problems due to noise or sig¬ 
nal degradation. For best results, fol¬ 
low these guidelines: 

Use plenty of decoupling capaci¬ 
tors. Connect a capacitor from +5 
volts to ground at each IC that con¬ 
nects to the cable. Use a type of capa¬ 
citor that has good high-frequency re¬ 
sponse, such as ceramic, mica or 
polystyrene. Keep the conductors or 
traces between the capacitors’ leads 
and the ICs +5 volts and ground pins 
as short as possible. A good, general- 
purpose value is 0.1 -pF, but exact 
value isn’t critical. Also place a 10-pF 
electrolytic capacitor on the board, 
from +5 volts to ground, near where 
the 5-volt supply enters the board. 

The decoupling capacitors store 
energy needed by the logic gates as 
they switch. All logic gates draw cur¬ 
rent as they respond to changes at 
their inputs. When the current is 
available from a nearby capacitor, the 
gate can switch quickly, without caus¬ 
ing spikes in the power-supply or 
ground lines. 

The capacitor should be located 
physically near the chip it supplies to 
minimize the inductance of the loop 
formed by the connections between 
capacitor and chip. Low inductance 
means faster response. 

The drivers and receivers you con¬ 
nect to a parallel-port cable also affect 
signal quality. For greatest noise im¬ 
munity at inputs driven by the paral¬ 
lel-port’s data or control outputs, use 
devices with Schmitt-trigger inputs, 


LOW COST DEVELOPMENT TOOLS 


We have a complete line of 'C' compilers 
(MICRO-C) for: 68HC08. 6809.68HC11.68HC16. 
8051/52, 8080/85/Z80, 8086 and 8096 processors. 
Cross assemblers for these plus others. Source 
code and porting packages are available! 

Development Kits: $99.95 • 

Includes C compiler. Cross assembler, ROM 
Debug monitor. Library source code. Editor. 
Telecomm program and everything else 
you need to do 'C' and Assembly 
language software development for your 
choice of processor. 

Emily52, a high speed 8052 simulator: $49.95* 

High speed (500,000 instr/sec on 486/33). 
Hardware emulation mode accesses real 
ports / timers on your target system. 

Includes PC hosted "in circuit" debugger. 

BD52, a complete 8052 Development System: $249.95« 

Everything you need for 8052 development, 
including: 

Hardware: 8032 based single board 
computer with 32K ROM. 32K RAM, RS-232 
port. Hardware debug support. 

Software: DDS MICRO-C Developers Kit, 
EMILY52 Simulator. PC Hosted “in circuit" 
debugger and kernal in ROM. 

Loaded BD52: $299.95 • 

As above, with extra 32K RAM, 4 A/D + 1 
D/A. 2K EEPROM. 7 line relay driver, 
watchdog and power monitor.. 

* + Shipping and Handling. 

Call or write for our free catalog. 


MJNFIEIJ) DEVELOPMENT SYSTEMS 

P. O. Box 31044 
Nepean, Ontario Canada 
K2B 8S8 

Tel: 613-256-5820 (l-5pmEST.Mon-Thu) 
(BBS & Catalog - 24 Hour with Touch Tone) 
Fax: 613-256-5821 (24 Hour) 



ELECTRONIC 

COMPONENTS 

Whether you order 1 part or 
all 45,296...MOUSER stocks 

and ...ships same day!! 

CALL...(800) 992-9943 


for your 
FREE 
CATALOG 


2401 Hwy 287 N. 
Mansfield, TX 76063 

MOUSER 

ELECTRONICS 

Sales & Stocking Locations Nationwide 
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AT INPUTS TO BE DRIVEN BY THE PARALLEL PORT: 



74LSI4 HEX INVERTER 

74LS374 OCTAL BUFFERED FLIP-FLOP 

74LS244 OCTAL BUFFER 

74LS240 OCTAL INVERTING BUFFER 


AT OUTPUTS TO BE READ BY THE PARALLEL PORT: 



EXAMPLES: 

74LS374 OCTAL BUFFERED FLIP-FLOP 

74LS244 OCTAL BUFFER 

74LS240 OCTAL INVERTING BUFFER 

7406 OPEN-COLLECTOR HEX INVERTING BUFFER 

7405 OPEN-COLLECTOR HEX BUFFER 

USE OPEN-COLLECTOR BUFFERS TO DRIVE CONTROL INPUTS. 


Fig. 3. Parallel-port interfaces. 


such as the 74LS14 hex inverter. Fig¬ 
ure 3 lists other options. At an ordi¬ 
nary logic gate, if a slowly changing 
input approaches the switching 
threshold, the output will jitter as the 
gate tries to decide whether the input 
is high or low. Schmitt triggers solve 
the problem by having two switching 
thresholds, one for low-to-high transi¬ 
tions and another, lower threshold for 
high-to-low transitions. For example, 
the output of a 74LS14 inverter won’t 
go low until the input reaches 1.6 
volts. After the output switches low, it 
won’t go high again until the input 
drops to 0.8 volt. The 0.8-volt differ¬ 
ence between the two thresholds is 


called hysteresis and prevents the out¬ 
put from jittering if the input is 
changing slowly or if it has some 
noise or ringing on it. 

At outputs that drive parallel-port 
status, control or data inputs, use 
buffers or line drivers with strong out- 
put-drive ability. For example, on the 
74LS240, low outputs can typically 
sink 24 mA per output, and high out¬ 
puts can source 12 mA, compared 
with 8 and 0.4 mA for ordinary 
LSTTL. Figure 3 lists other line driv¬ 
ers. In general, CMOS drivers, includ¬ 
ing HCMOS, aren’t as strong as 
LSTTL. 

Remember to use open-collector 


devices to drive the control inputs and 
“output-only" data ports that you’ve 
determined can be used for input. 
Don’t connect clock or control signals 
that aren’t buffered—including the 
inputs and outputs of flip-flops, coun¬ 
ters and shift registers—directly to the 
cable. These devices are sensitive to 
signal reflections. Instead, use buffers 
to isolate the signals. Some chips, like 
the 74LS374, have buffered outputs. 

If you aren’t using the status inputs, 
tie them to +5 volts or ground through 
a 4,700-ohm resistor to hold them at a 
valid logic level. 

Another important issue for good 
signal quality is proper electrical ter- 
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Sources 


Essential Data 

PO Box 640963 

San Jose, CA 95134 

Tel.: 1-800-795-4756 or 408-955-0440; 

fax:408-955-0821 

CIRCLE NO. 120 ON FREE INFORMATION CARD 

Misco 

One Misco Plaza 
Holmdel, NJ 07733 
1-800-333-5640 

Tel.: 908-264-8324; fax: 908-888-9449 

CIRCLE NO. 121 ON FREE INFORMATION CARD 

National Semiconductor 

2900 Semiconductor Dr. 

PO. Box 58090 

Santa Clara, CA 95052-8090 

Tel.: 1-800-272-9959 or 408-721-5000 

CIRCLE NO. 122 ON FREE INFORMATION CARD 

Parallel Technologies 

PO Box 7 

Redmond, WA 98073-0007 

Tel.: 206-869-1136; fax: 206-869-9767 

CIRCLE NO. 123 ON FREE INFORMATION CARD 

Personal Computing Tools 
90 Industrial Park Rd. 

Hingham, MA 02043 
1-800-767-6728 

Tel.: 617-740-0120; fax: 617-740-2728 

CIRCLE NO. 124 ON FREE INFORMATION CARD 

TAB Books 

Blue Ridge Summit, PA 17294-0214 
Tel.: 1-800-233-1128 

CIRCLE NO. 125 ON FREE INFORMATION CARD 


mination of the conductors in the ca¬ 
ble. To understand termination, you 
again have to think of the cable as 
more than a simple series of connec¬ 
tions between logic inputs and out¬ 
puts. When a long conductor carries 
high-frequency signals, it has charac¬ 
teristics of a transmission line, which 
is a circuit that transfers energy from 
a source to a load. Because the sharp 
edges of digital transitions contain 
high-frequency components, digital 
circuits are considered high-frequen¬ 
cy, even if the transmission rate (bits- 
per-second) is slow. 

For the most efficient energy trans¬ 
fer from the source (output) to the 
load (input), the input impedance 
should match the characteristic impe¬ 
dance of the wire. Measuring the 
characteristic impedance of a conduc¬ 


tor involves more than a simple mea¬ 
surement with an ohmmeter. The 
value varies with the conductor’s di¬ 
ameter, insulation type and distance 
between it and other conductors in the 
cable. It doesn’t, however, change 
with the length of the conductor. 

Cable manufacturers often specify 
the characteristic impedance of their 
products. A typical value for twisted¬ 
pair and ribbon cable is 100 ohms. 

When load and conductor imped¬ 
ances match, all of the energy is trans¬ 
ferred to the load. If they don’t match, 
some of the energy reflects back to the 
source, and the reflections may bounce 
back and forth several times before 
they die out. This can cause delays or 
invalid logic levels at the receiver. 

Designing terminations for the par¬ 
allel port is especially difficult be¬ 
cause the exact port circuits vary with 
the computer. Using the wrong termi¬ 
nation can slow the data or consume 
excess power. Figure 3 shows typical 
examples of terminations at inputs 
and outputs. 

At the driver, a series resistor pro¬ 
vides impedance matching. The resis¬ 


tor’s value should equal the line’s 
characteristic impedance, minus the 
resistance of the output. Some paral¬ 
lel-port cards include a 30-ohm resis¬ 
tor in series with each data output. 

You can do the same for outputs that 
drive the status or control inputs. 

At the receiver, a resistor/capacitor 
combination network terminates the 
line. The resistor’s value equals the 
characteristic impedance of the con 
ductor, and the capacitor provides a 
low impedance during switching. Un¬ 
like some other terminations, this one 
is usable in both LSTTL and CMOS 
circuits. 

Transmission-line theory, including 
line terminations, is a field of study 
unto itself. If you want to know more, 
National Semiconductor's Interface: 
Line Drivers and Receivers data book 
(#40032) has several application notes 
on the topic. 

Transmitting Over 
Long Distances 

If the parallel port’s 15-foot limit isn’t 
long enough for what you want to do. 


The Real Logic Analyzer 



Test your Logic circuits with 
the printer port of your IBM 
or compatible computer! 


0 5 Input capture channels via printer port 
0 High Speed 64K input capture buffer 
0 Glitch capture and display 
0 Full triggering on any input pattern 
0 Automatic time base calibration 
0 4 cursors measure time and frequency 
0 Save, print or export waveforms (PCX) 


The Real Logic Analyzer is a software package that converts an IBM or compatible computer 
into a fully functional logic analyzer. Up to 5 waveforms can be monitored through the 
standard PC parallel printer port. The user connects a circuit to the port by making a simple 
cable or by using our optional cable with universal test clips. The software can capture 64K 
samples of data at speeds of up to 1.2uS (Depending on computer). The waveforms are 
displayed graphically and can be viewed at several zoom levels. The triggering may be set to 
any combination of high, low or Don’t Care values and allows for adjustable pre and post 
trigger viewing. An automatic calibration routine assures accurate time and frequency 
measurements using 4 independent cursors. A continuous display mode along with our high 
speed graphics drivers, provide for an "Oscilloscope-type" of real time display. An optional 
Buffer which plugs directly to the printer port is available for monitoring high voltage signals. 


LOGIXELL 

ELECTRONICS 

61 PiperCr. 
Kanata, Ontario 
Canada K2K2S9 



Requires 286, or higher with EGA or VGA display. 

LA20 Software Only $79.95us 
Software With Test Cable $99.95us 
BUFF05 Buffer $39.95us 


Tel: (613)599-7088 
Fax:(613)599-7089 
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DC/CAD 

-1 introducing ... |- 

THE TERMINATOR 

Super High Density Router 

(Complete with Schematic & PCB Editor) 
Features the following powerful 
algorithm & capability: 

• No copy protection 

• Rip-up Retry 

• Pre-routing of SMT 
components 

• User defined strategies 

• Real-Time clean up and 
via minimization 

• Window 3.0 capability as DOS Task 

• 1-mil Autoplacer and Autopanning 

• Two-way Gerber and DXF 

• Automatic Ground Plane w/Cross- 
Hatching 

• Complete w/Schematic & Dolly Libraries 

• Optional simulation capability & 

enhanced mode for 386 users 

*PCB LAYOUT SERVICE AT 
LOW COST* 

LEASE PROGRAM & SITE LICENSE AVAILABLE 



•DESIGN 


•COMPUTATION 

1771 State Highway 34, Farmingdale, NJ 07727 
(908) 681-7700 • (908) 681-8733 (FAX) 

‘‘DC/CAD ... The focal point of future CAD market” 


CIRCLE NO. 64 ON FREE INFORMATION CARD 


to 10 


C 


Desktop Artificial Life 





BETA TESTERS WANTED! 


• ALtisGUACUis r. TLATHS. XJTS and 
SOfT\Vd\ Jtr (TALL IfU) 


cost rov\D^ ye ttonones 
Vt\T£OTMX*fr XJT 

tnCTA RELEASE: MAY If 14/ 


IMSTCT a<TM> REM A I lORAI. DESIGN 
SOFTWARE 

(RETA RELEASE: JUNEIHt) 


Using our unique hardware and Insects fTM) software you can develop real-time 
sensing and control applications ui the HindowsfTM) environment Compound-eye 
vision promises to deliver insect-like robotic behavior at natch lower HARDWARE 
and mOCESSlMG costs than video-based robotic vision and control methods 

THE BE-16 BETA DEVELOPMENT KIT: 

* TWO 16-OMMAT1DIA ROBOTIC COMPOUND-EYES (BE-16). 

* ONE RS-232 INTERFACE BOARD (IB-RS232) WITH SUPPORT FOR 11 BE-16 

SENSORS, (I.E. 176 A/D CHANNELS SAMPLED AT 32 HZ) AND 
INDEPENDENT CONTROL OF 16 PWM SERVOS. 

* WINDOWS(TM) DLL DRIVERS AND SOURCE CODE EXAMPLE 
APPLICATIONS IN C AND C~ THAT ILLUSTRATE EYE-SERVO BEHAVIOR. 

* BETA RELEASE PLUS UPGRADE(S) TO IMSICTA UC SOFTWARE FOR 

VISUAL PROGRAMMING OF ARTIFICIAL HNSECT" BRAINS. 

* POWER SUPPLY. DOCUMENTATION AND TECHNICAL SUPPORT. 


• PREPAID BETA SITES RECEIVE ONE YEAR 30% DISCOUNT ON OUR 
EVOLVING LINE OF INSECTA(TM) COMPATIBLE HARDWARE. 



ILIS&R 

Ubttge So/heare and Robotics Corporation 


■«§ 


Complete Stereo BE-16 Beta Development Kit: $639 + $10 S&H 


+ Applicable State Sales Tax. Custom compound-eye geometries, 
interfaces and consulting available. Please write for additional 


information. 


P.O. Box 18034 


Ctiack or money ofdai on*y ptcat* IntotfafTM) m 
a trademark of UbtiQ* Software and Robotic* 
Corporator! WmdoxnfTV) i* a trademark of 
Mcro*ofl Corporator 


Huntsville, AL 35804 
205-518-9422 

(12 to 5pm CST) 
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there are solutions. Parallel-port ex¬ 
tenders are available from many 
sources, including Misco, Personal 
Computing Tools and Radio Shack, to 
name a few. 

One type of extender adds a line 
booster, or repeater, that regenerates 
the signals in the middle of the cable, 
allowing you to double the cable 
length. For longer distances, there are 
parallel-port extenders that are adver¬ 
tised to work over distances as long as 
1,400 feet. This type converts the par¬ 
allel signals into serial format, usually 
RS-232, RS-422 or RS-485. The seri¬ 
al links use large voltage swings, con¬ 
trolled slew rates and other techniques 
for reliable transmission over longer 
distances. You could do the same for 
each of the lines in a parallel link, but 
as distance increases, it makes sense 
to convert to serial and save money 
on cabling. 

One drawback to the parallel-to-ser- 
ial converters is that most are one¬ 
way-only and include only the eight 
data lines. A few permit transmitting 
in both directions, but again using 
only the data port, which must, of 
course, be bidirectional. Also, the ser- 


^To Order Back^ 
^ Issues j 

Send $3.50 Per Issue 

(Check, Money Order, 
Mastercard, VISA, Discover 
and AMEX). 

Send All 

Correspondence To: 

CQ Communications 
76 North Broadway 
Hicksville, NY 11801 
Or Call 
516-681-2922 
FAX 516-681-2926 

ORDER YOUR ^ 
BACK ISSUES 
TODAY! J 


May/June 1994 


ial links can be slow. After adding a 
stop, start and parity bit for each byte, 
a 9,600-bps link transmits less than 
900 data bytes per second. 

If you need to use long cables, in¬ 
stead of employing a serial converter, 
you might consider designing your 
circuit to use a serial interface direct¬ 
ly. There are reasons to prefer the par¬ 
allel port, however, such as availabili¬ 
ty of a free port. 


Resources 

A very good reference on parallel and 
serial ports is Build Your Own Low- 
cost Data Acquisition and Display 
Devices by Jeffery Hirst Johnson 
(TAB Books, $19.95). It covers much 
more than the title suggests and in¬ 
cludes serial- and parallel-port pro¬ 
gramming tools and plenty of detail 
on how to use the ports for unconven¬ 
tional purposes. 

Parallel Technologies offers consult¬ 
ing and product development for the 
parallel port and distributes a free utili¬ 
ty that finds and analyzes the parallel 
ports in your computer. The program 
lists your computer’s port’s addresses, 
bidirectional ability, assigned inter¬ 
rupts and more. There’s also a speed 
test that estimates the maximum data- 
transfer speed for a port. You can find 
the utility, called PARA13.ZIP, in the 
IBM Hardware forum on CompuServe 
and on other BBSes. At this writing, 
the current version is V1.34. 

Next time. I’ll give more details on 
parallel ports. I’ll include application 
examples and interrupts. 

You can reach me on CompuServe at 
71163,3555, on Internet at 
71163.3555@ CompuServe, com or by 
mail at Box 3374, Madison, WI 
53704-0374. For a personal reply by 
mail, please include a self-addressed 
stamped envelope. ■ 
















































NEW PRICES! NEW ITEMS! NEW PRICES! NEW ITEMS! 


rB. 6. MICRO 


P. 0. Box 280298 Dallas, Taxas 75228 
(214) 271-5546 
FAX (214) 271-2462 


VISA 


i _ 

1 


LCD DISPLAYS 


OPTREX 2x 16-DMC 16207H-8 Bit ASCII Input jk— 

Dim 3 '/iix1’/<ix‘A,C har Height 19" 

OPTREX 2x20-DMC 20261-8 Bit ASCII Input QQ 

Dim. 4 'Vh.x 1 7mx'Vi, Char. Height 19" %J) f 

OPTREX 1x16"Backlit"-DMC 16187- 

8BilASCIIInputDim.3'/Mxr , /MX' l /u, <tO ap 

Char Height. 11 . ,3 

OPTREX 1x20-DMC 20171-8 Bit ASCII Input -kq Q j- 

Dim 7'Vii.x1''/ii.x7-Char. Height 42". ij> D 

OPTREX 2x40-DMC 40218-8 Bit ASCII Input Q£ - 

Dim 7’/ii.x1''/».x"/'fChar Height 19” .. Ij)v7. v/b 

VERY EASY TO INTERFACE TO ALMOST ANY 
MICROPROCESSOR!!!!!! 


LTP 1157 AE 


1 . 2 ' 5x7 Matrix Displays 

5x7 Array with x.y select. This Red Orange Matrix 
Can Be Stacked Horizontally. Matrix 
Orientation - Cathode Column, Anode Row. 
Great For ‘Moving Message" Signs. 

$1.19 Ea., 8/S6.95,100/S75.00 


WITH 

DATA 


DTMF 


SSI-202 Decoder2.25 
8870 Decoder . .2.25 
5087 Generator .2.00 
5089 Generator. 1.25 


FANS 


SANYO— BRUSHLESS 
12 Volt DC at .07 Amps— 

7 Blades 

60 MM—2 3 8”x2 3/8"x1’ 

$5.95 


TECHIDYNE— Brushless 
12 Volt DC at. 12 Amps— 

7 Blades 

80MM—3 1/8"x3 1 8"x1" 
This size commonly used in 
Computer Power Supplies 



$5.90 


PAN AFLO— Brushless—12 Volt DC at 
.2 Amps 5 Blades— 

119MM—4 11/16"x4 11/16"x1 1/2” 


8000/80000 


$5.99 


8001 

5.20 

8237 

1.90 

8088-2 

3.25 

8257 

1.50 

8002 

S2.50 

8237-5 

2.80 

8155 

2.25 

8259A 

1.85 

8010 

4.95 

8243 

1.75 

8156 

2.25 

8259C-5 

2.10 

8031 

2.95 

8250 

2 95 

8202A 

8.00 

8275 

10.95 

8032 

3.95 

(16450) 

6.50 

8212 

1.25 

8279 

2.25 

8035 

1.00 

(16550) 

10.95 

8214 

2.00 

8284 

1.49 

8036 

4.95 

8251 

1.10 

8216 

1.25 

8286 

3.50 

8039 

1.00 

8253-5 

1.75 

8224 

1.25 

8287 

2.49 

8085 

1.55 

8254 

1.80 

8228 

1.75 

8288 

3.50 

8086 

1.55 

8255 

1.50 



8530 

3.00 

8088 

2.20 

8255-5 

1.75 






STATIC RAM 


2016-2KK8 200 n.s. 

.1.00 

2101-1 - 256X4 500 n.s. 

. .75 

21L02-1 350 n.s. 

. .65 

2102AL-4 L.P. 450 n.s. . 

. .49 

2111-1 256X4 500 n.s. . . 

.1.00 

2112A-2. 

.2.50 

2114L-3 1KK4 300 n.s. . 

. .45 

2125A-2 1KK1 70n.s. . . . 

.1.00 

2147 4KX1 . 

.1.00 

2148. 

.1.00 

6116P-4. 

.1.00 

6117. 

.1.20 

6264 . 

. 1.40 

6225632KX8 . 

.5.00 

128KX8 . 

15.00 

DYNAMIC RAM 


(JART 


NS16450 .6.50 

16550 .10.95 

TR1602B 

(COM 2017) .... 1.75 
IM6402 +5v High speed 
AY5-1013 pin out 2.45 
INS 8250 . 2.95 


2108-48KX1 .1.50 

2118-4 16KX1-5Volt.70 

4027-4KX1-260 n.s.80 

4116-16KX1-250n.s.40 

4116-16KX1-200n.s.75 

4116-16KX1-150 n.s.90 

4128 Piggyback.2.00 

4164-150n.s.49or9/3.50 

4164-120 n.s.1.10 

4164-100 n.s.1.40 

TMS4416-16KX4-15-n.s. ..2.75 

4464-150 n.s.1.40 

4464-120 n.s.1.45 

4464-100 n.s.1.45 

4464-80 n.s.1.45 

41256-150 n.s. ... 1.25 or9/9.95 
41256-120 n.s. . . 1.30or9/10.99 
41256-100 n.s. . 1.30or 9/10.99 
41256-80n.s. . . . 1.30or9/10.99 

41256-60 n.s.1.85 

1 Meg -100 n.s.4.40 

1 Meg-80n.s.4.40 

414256-80 n.s. 256x4 .4.60 

SIPPS. SIMMS. & CACHE AVAILABLE 


EPROM SPECIAL 


We bought a large quantity of 
2708s. 2716s. 2532s. 2732s, 2764s, 
27128s, 27256s and 27512s from a 
computer manufacturer who re¬ 
designed their boards. We re¬ 
moved them from sockets, erased 
and verified them, and now we 
offer the savings to you. Com¬ 
plete satisfaction guaranteed. 

Your Choice 

2708 .1/20 10/8.00 

2716 . 1.75 10/15.00 

2532 .2.00 10/17.50 

2732.2.00 10/17.50 

2764 .2.00 10/17.50 

27128.2.50 10/20.00 

27256 .3.00 10/25.00 

27152 .4.75 10/40.00 

1 Meg.8.50 10/77.50 

8741 .7.00 1 

8742 .7.00 I 

8748 .7.00 I 

8749 .7.00 I 

8751H .12.95 I 

8755.7.00 I 

82S123.1.49 

82S126.1.49 

82S153.1.75 


PROMS 


LOCAL AREA NETWORK 

NETWORK LAN CABLE 


Little Big LAN 

’ Peer to Peer LAN. to 250 nodes 
’ S75 total software cost! 

No matter how many nodes' 

Use ARCnet. serial, parallel or 
Ethernet to link your compulers 
’ Mixed mode routing 
Any combination of above connections is 
possible on any given node 
RAM needed approx. 35-45K 
' Uses DOS versions 2 and above. 3 1 
and above preferred 
' Print spooling 

' Record locking via Dos SHARE 
' Open network. API provided 
' Runs ok with Windows 3.0 
' Drive A-Z can be redirected to 

reference any drive on any computer 
LPT 1LPT3can print to any printer 

Start small, grow as you grow 


Another B.G. Micro Exclusive ... 25 
feet of Etjernet RG 58A/U Coax withl 
a BNC connector, a BNC "T", and a [ 
BNC terminator on each end. 

No one can beat this price. - $7.95 
Additional T - $.99 
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By Fred Eady 


Getting to Know the 
PIC16C54 Microcontroller 

A tutorial on what this handy device is and how 
you can use it in your own designs, with example 
programming code to show you what to do 



B y now, you’ve probably heard 
and read about the PIC micro¬ 
controller and wondered how 
you can make use of it but lack the 
information needed to get you started. 

Like many other microcontroller 
devices that are relatively new to the 
technological marketplace, the PIC 
microcontroller family comes with a 
couple of 2"-thick technical manuals. 

However, it lacks a decent im¬ 
plementation manual to make it a prac¬ 
tical item in your design arsenal. In 
response to all of you have expressed 
tthe need for a get-me-started PIC 
tutorial, I offer this article to get you 
started experimenting with and im¬ 
plementing PICs in your own designs. 

In this tutorial, I’ll introduce you to a new and very pop¬ 
ular RISC-like (RISC is an acronym for Reduced Instruc¬ 
tion Set Computer) microcontroller called PIC from Mi¬ 
crochip Technology. Specifically, I’ll be discussing the 
PIC16C5X microcontrollers that clock from dc to 20 MHz, 
use low-power CMOS technology, feature eight to 20 I/O 
lines and incorporate sleep, timer and watchdog functions. 
It’s my intent to give you some simple, yet powerful, ap¬ 
plication ideas you can assemble on a solderless bread¬ 
board socket or apply to a more-permanent printed circuit 
design as I intermix some PIC theory along the way. 

If you who don’t own a PIC16C5X programmer, a ne¬ 
cessity for working with this device, I offer an inexpensive 
kit ($69.95) which you can use to program the PIC16C54 
used in this tutorial. With this kit, you can program, read, 
blank check and verify the entire PIC16C5X series of 
microcontrollers. 

Additionally, I offer the components needed to assemble 
the test circuit ($39.95, not including breadboarding sock¬ 
et) you’ll be using to perform the experiments outlined here. 
Call your order in on 407-545-9905, or write ED Technical 
Publications, PO Box 54122, Merritt Island, FL 32954. 

General Information 

PIC16C5X microcontrollers are eight-bit RISC-like de¬ 


vices that are low in cost, consume little power, and oper¬ 
ate at high speed. These 18- and 28-pin CMOS devices of¬ 
fer EPROM, RAM, I/O and a CPU on a single chip (see 
Fig. 1 for pinout details). Also available are PIC OTP 
(one-time-programmable) devices that aren’t erasable, are 
housed inside plastic packages, are less expensive and are 
usually found in designs in which no future code changes 
are expected to occur. OTP devices are great for testing 
since the PIC16C54/RC OTP can be had from Digi-Key 
for $4 in 10-piece quantity (tel: 1-800-DIGI KEY). 

EPROM-based PICs normally feature ceramic packages 
that have a transparent window that permits erasure and re¬ 
use of the devices. Though EPROM-equipped PICs are 
great for testing and prototyping because of their reusabili¬ 
ty, be aware that you’ll pay a much more for this conve¬ 
nience. Our examples will exploit the PIC16C54 with 
EPROM because it can be erased and reused during exper¬ 
imentation. 

To get the most from this article, you need a solderless 
breadboarding socket, an EPROM-based PIC16C54, two 
DL-1414 intelligent displays, an 8-MHz ceramic oscillator 
and a 5-volt dc power supply. You’ll be writing and as¬ 
sembling small segments of PIC code and observing the 
results of your work with a logic probe, LEDs or on a pair 
of four-digit displays. You also need a PIC16C5X pro- 
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Fig. 1- Pinout diagram of PIC16C5X microcontroller in (left) 18- and (right) 28-pin packages. (Courtesy Microchip Technology) 


Table 1. Detailed of UV-Erasable PIC16C5X Microcontrollers 

(Courtesy Microchip Technology) 


Part# 

EPROM 

RAM 

I/O** 

Supply Voltage 

Osc.Freq.Range 

Package Options 

PIC16C54 

512 x 12 

32x8 

13 

4.0* - 5.5 V 

DC - 8 MHz *** 

18 Id. Windowed CERDIP 

PIC16C55 

512x 12 

32x8 

21 

4.0* - 5.5 V 

DC-8 MHz *** 

28 Id. Windowed CERDIP 

PIC16C56 

IK x 12 

32x8 

13 

4.0* - 5.5 V 

DC - 8 MHz *** 

18 Id. Windowed CERDIP 

PIC16C57 

2K x 12 

80x8 

21 

4.0* - 5.5 V 

DC - 8 MHz *** 

28 Id. Windowed CERDIP 


* Frequencies above 4 MHz and/or operation in the industrial temperature range (-40 to +85’C) require that 
Vdd is greater than 4.0 V (4.5 V or 4.75 V, see DC specs). The Low power (LP) versions operate at Vdd 
range of 3.0 V to 5.5 V (see DC specs). 


** Includes RTCC pin. 

*** Device operation is currently guaranteed up to 8 MHz oscillator frequency. 

Please contact Microchip Technology Inc. for expected release dates of 20 MHz devices. 


grammer to change the PIC firmware to execute the array 
of examples presented here. It’s also a good idea to have 
the latest Microchip Databook and Microchip Embedded- 
Control Handbook , which you can obtain from Digi-Key 
or your local Microchip representative. These volumes 
provide everything technical you need to know about the 
full line of PICs and instructions on to how to access the 
Microchip BBS from which you can download various 
PIC tools and cross-assemblers. Since you’ll be using Mi¬ 
crochip base mnemonics to follow along in this article, 
you can easily reference them as they appear in the Micro¬ 
chip Databook listings. 

To start this tutorial. I’ll describe the features and advan¬ 
tages of the PIC16C5X series and compare them to other 
currently available microcontrollers. 

Each PIC part includes a security EPROM fuse you can 
program to prevent anyone from reading the program code 


you’ve written to the on-board PROM or EPROM. If you 
use this feature to protect your ideas, be sure to program 
your code into the PIC before you program the code-pro¬ 
tect fuse. Otherwise, activating code protection first will 
prevent you from entering and reading whatever code you 
plan on programming into the PIC. If you should make this 
error with an OTP PIC, there’s nothing you can do but re¬ 
place the PIC and start over with a new one. With an 
EPROM PIC, you can simply erase the device and start 
over again with the same PIC. 

The differences in the four PIC16C5X devices are oscil¬ 
lator type, number of available I/O (input/output) pins and 
size of internal EPROM and RAM. An overview of the 
erasable PIC16C5X devices you’ll be using is given in 
Table. 1. 

In addition to being physically compact, the PIC comes 
with high-efficiency microcode (built-in programming) 
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Table 2. Complete Instruction Set for PIC16C5X Microcontrollers. 

(Courtesy Microchip Technology) 


BYTE -ORIENTED FILE REGISTER OPERATIONS 


( 11 - 6 ) 


OPCODE 


(5) 


(4-0) 


f(FILE #) 


0 for destination W 
1 for destination f 


Instruction-Binary (Hex) Name 


Mnemonic, Operands 


Operation 


Status Affected 


0001 

lldf 

ffff 

lCf 

Add Wand f 

ADDWF 

f, d 

W + f-*d 


C.DC.Z 

0001 

Oldf 

ffff 

14f 

AND Wand f 

ANDWF 

f, d 

W & f -> d 


Z 

0000 

Ollf 

ffff 

06f 

Clear f 

CLRF 

1 

0-+f 



Z 

0000 

0100 

0000 

040 

Clear W 

CLRW 

- 

o-> w 


z 

0010 

Oldf 

ffff 

24f 

Complement f 

COMF 

f. d 

f -> d 



z 

0000 

lldf 

ffff 

OCf 

Decrement f 

DECF 

I. d 

f-1 -> 

d 


z 

0010 

lldf 

ffff 

2Cf 

Decrement f.Skip if Zero 

DECFSZ 

f. d 

f-1 

d, skip if zero 


None 

0010 

lOdf 

ffff 

28f 

Increment f 

INCF 

f, d 

f + 1 - 

> d 


Z 

0O11 

lldf 

ffff 

3Cf 

Increment f.Skip if zero 

INCFSZ 

f, d 

f + 1 H 

► d. skip if zero 


None 

0001 

OOdf 

ffff 

lOf 

Inclusive OR W and f 

I0RWF 

f, d 

W v f -> d 


Z 

0010 

OOdf 

ffff 

20f 

Move f 

MOVF 

f, d 

f-»d 



z 

0000 

OOlf 

ffff 

02f 

Move W to f 

MOVWF 

1 

W->f 



None 

0000 

0000 

0000 

000 

No Operation 

NOP 

- 

- 



None 

0011 

Oldf 

ffff 

34f 

Rotate left f 

RLF 

f. d 

f(n) -» 

d(n+1), C -> d(0), f(7) -> C 

C 

0011 

OOdf 

ffff 

30f 

Rotate right f 

RRF 

1. d 

f(n)-> 

d(n-1), C-* d(7), 1(0) -» C 

C 

0000 

lOdf 

ffff 

08f 

Subtract W from f 

SUBWF 

f, d 

f-w-»d[f + w + i-»i 

dl 

C.DC.Z 

0011 

lOdf 

ffff 

38f 

Swap halves f 

SWAPF 

f, d 

f(0-3) < 

w f(4-7) d 


None 

0001 

lOdf 

ffff 

18f 

Exclusive OR W and f 

XORWF 

f, d 

W© 1 

! -> d 


Z 

BIT- ORIENTED FILE REGISTER OPERATIONS 



(11-8) 

(7-5) 

(4-0) 










OPCODE 

b(BIT #) 

f(FILE #) 


Instruction-Binary | 

[Hex) 

Name Mnemonic, Operands 

Operation 

Status Affected 

0100 

bbbf 

ffff 

4bf 

Bit Clear f 

BCF 

t, b 

0 -► ((b) 


None 

0101 

bbbf 

ffff 

5b f 

Bit Set f 

BSF 

f. b 



None 

0110 

bbbf 

ffff 

6b f 

Bit Test f.Skip if Clear 

BTFSC 

1, b 

Test bit (b) in file (f): Skip if clear 

None 

0111 

bbbf 

ffff 

7bf 

Bit Test f, Skip if Set 

BTFSS 

f. b 

Test bit (b) in file (f): Skip if set 

None 


LITERAL AND CONTROL OPERATIONS 


( 11 - 8 ) 


(7-0) 


OPCODE 


k (LITERAL) 


Instruction-Binary (Hex) Name 


Mnemonic, Operands 


Operation 


Status Affected 


1110 

kkkk 

kkkk 

Ekk 

AND Literal and W 

ANDLW 

k 

k & W-> W 

Z 

1001 

kkkk 

kkkk 

9kk 

Call subroutine 

CALL 

k 

PC ♦ 1 Stack, k -> PC 

None 

0000 

0000 

0100 

004 

Clear Watchdog timer 

CLRWDT 

- 

0 WDT (and prescaler, if assigned) 

TO, PD 

101k 

kkkk 

kkkk 

Akk 

Go To address (k is 9 bit) 

GOTO 

k 

k -> PC (9 bits) 

None 

1101 

kkkk 

kkkk 

Dkk 

Inch OR Literal and W 

I0RLW 

k 

k v W -> W 

Z 

1100 

kkkk 

kkkk 

Ckk 

Move Literal to W 

MOVLW 

k 

k -> W 

None 

0000 

0000 

0010 

002 

Load OPTION register 

OPTION 

- 

W -> OPTION register 

' None 

1000 

kkkk 

kkkk 

8kk 

Return.place Literal in W 

RETLW 

k 

k -> W, Stack -> PC 

None 

0000 

0000 

0011 

003 

Go into standby mode 

SLEEP 

• 

0 -* WDT. stop oscillator 

TO, PD 

0000 

0000 

Offf 

OOf 

Tristate port f 

TRIS 

f 

W—> I/O control register f 

None 

1111 

kkkk 

kkkk 

Fkk 

Excl. OR Literal and W 

XORLW 

k 

k © W -> W 

Z 


that requires only a 33-element, single-cycle, single-word 
instruction set to effect programs that normally require mi¬ 
crocontrollers that use multiple-cycle, multiple-byte in¬ 
struction sets. Each PIC16C5X instruction word is 12 bits 
in length, with the mnemonic opcode and operand (regis¬ 
ter, memory location or direct data to be manipulated) 
fully defined within the 12-bit word. All 33 PIC16C5X in¬ 


structions are given in Table 2. 

High-speed microcode execution is achieved in a PIC uti¬ 
lizing Harvard architecture, or the Harvard dual-bus con¬ 
cept, instead of the classic Von Neumann or single-bus im¬ 
plementation. Harvard architecture is register-file-based and 
has a separate bus and memory space allocated for instruc¬ 
tions and data, which simply means that all program-con- 
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RA0-RA3 RB0-RB7 RC0-RC7 

(PIC16C55/C57 

ONLY) 


Fig. 2. Block diagram of PIC16C5X series. (Courtesy Microchip Technology) 


trolled objects like I/O ports, memory locations and timers 
are physically implemented as hardware registers. 

The PIC16C5X data memory (RAM) bus is eight bits in 
length, while the program memory (EPROM) bus is 12 
bits in length. Using the Harvard dual-bus configuration 
permits the PIC to perform high-speed bit, byte and regis¬ 
ter operations. It also inherently permits overlapping in¬ 
struction execution, known as pipelining. Pipelining is si¬ 
multaneous execution of the current instruction as the next 
instruction is being read from program memory. Tradi¬ 
tional Von Neumann architecture must fetch instruction 
and data information over a single shared (multiplexed) 
bus, which eliminates the ability to overlap instruction 
fetch and execution. Figure 2 is a block diagram of the 
dual-bus PIC16C5X. 

As you can see, the internal logical and physical compo¬ 
nents that make up the PIC16C5X family are similar to 
any other microcontroller with which you may have previ¬ 
ously worked. Thus, the PIC is no more difficult to pro¬ 
gram than any other microcontroller you may have pro¬ 
grammed before. However, the way these common logical 
components, or objects, are interconnected via the dual¬ 


bus Harvard architecture within the PIC is the key to re¬ 
duced compiled code count and high execution speed of 
the PIC16C5X family of microcontrollers. 

Inside the PIC 

Since all PIC program objects are actually implemented as 
physical registers within the PIC proper, to gain a better 
understanding of how PIC hardware works requires a more 
in-depth look at the PIC register file concept. 

Within the PIC, the Operational Register File contains a 
means for indirect data addressing (fO), a real-time clock/ 
counter (fl), a program counter (f2), a status-word register 
(f3), a file-select register (f4), and the I/O registers (f5 and 
f6 and sometimes f7). It’s imperative that you understand 
the uses for these registers. As you can see in the data 
memory map shown in Fig. 3, these registers comprise the 
bulk of the user-manipulated hardware. Since this is a 
hands-on tutorial, I’ll include some very simple and, hope¬ 
fully, enlightening examples of how to apply each register, 
where possible. To be ready for the experiments that fol¬ 
low, though, first assemble the test circuit shown schemat¬ 
ically in Fig. 4 on a solderless breadboarding socket. 
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Here’s a lineup of the resources built into the Operation¬ 
al Register File: 

• Indirect Data Addressing Register (ft)). This isn’t physical¬ 
ly implemented. fO uses the contents of the File Select 
Register (FSR), or f4, to indirectly select any one of the 
available 32 File registers for use as a data register or 
pointer register, depending upon the intent of the instruc¬ 
tion that called fO. Register fO is most useful as an indirect 
address pointer. 


• Real-Time Clock/Counter (fl). The Real Time Clock/ 
Counter, or RTCC, can be read from and written to just as 
you would any other register. The RTCC can also be incre¬ 
mented by an external signal applied to the RTCC pin or by 
the internal instruction clock. Obvious applications that 
would involve the RTCC are event counting and time mea¬ 
surement. The RTCC can also be prescaled using the PIC’s 
internal programmable prescaler. 

• Program Counter (f2). This is used to generate addresses 


FILE 

ADDRESS 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
0A 
0B 
0C 
0D 
0E 
OF 


7 6 5 4 3 2 1 0 


A10 


A9 


A8 


INDIRECT ADDR. (’) 


RTCC 


PC 


STATUS 


FSR 


PORTA 


PORT B 


PORT C (-) 


10 

11 

12 

13 

14 

15 

16 

17 

18 
19 
1A 
IB 
1C 
ID 
IE 
IF 


GENERAL 

PURPOSE 

REGISTER 

FILE 


CALL 

RETLW 


10 9876543210 


10 987654321 0 


STACK 1 


STACK 2 


7 6 5 4 3 2 1 0 



BIT 6, 5 OF FSR: BANK SELECT 
(PIC16C57 ONLY) 


00 


01 


10 


FROM PROGRAM MEMORY 


11 



30 

50 

70 

GENERAL 

PURPOSE 

REGISTER 

FILE 

(ALL TYPES) 


GENERAL PURPOSE 
REGISTER FILE 

(PIC16C57 ONLY) 


(BANK 0) (’*•) 

(BANK 1) (*”) 

(BANK 2) (—) 

(BANK 3) (*••) 


3F 

5F 

7F 


(•) NOT A PHYSICALLY IMPLEMENTED REGISTER. SEE SECTION "OPERATIONAL REGISTER FILES’ FOR DETAILS 
(’’) FILE 17 IS A GENERAL PURPOSE REGISTER ON THE PIC16C54/C56 

(-) BANK 0 IS AVAILABLE ON ALL MICROCONTROLLERS WHILE BANK 1 TO BANK 3 ARE ONLY AVAILABLE ON THE 
PIC16C57. (SEE SECTION ’FILE SELECT REGISTER’ FOR DETAILS) 


Fig. 3. Data memory map for PIC16C5X. (Courtesy Microchip Technology) 
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for EPROM cells that contain the 12-bit user written pro¬ 
gram instruction words. The PC is nine to 11 bits wide, de¬ 
pending on type of PIC. The tenth and eleventh bits of the 
PC come into play when you use the paging capabilities 
of the EPROM-rich PIC16C56 and PIC16C57 devices, 
thus permitting PIC programs up to 2,048 words in length. 
A two-word stack area is provided for call and return 
operations. 

• Status Word Register (f3). Arithmetic status of the ALU 
(carry bit, zero bit, etc.), RESET status and page preselect 
bits for the larger program memories of the PIC16C56/57 
are contained within this register. f3 is comparable to the 
PSW (Program Status Word) found in most other micro¬ 
processors. An interesting quirk to keep in mind is that 
register f3 provides a general-purpose read/write bit that’s 
reserved for future use but can be freely used by the pro¬ 
grammer. Power-down and time-out bits used by the 
Watchdog Timer (WDT) and sleep instructions are also 
held in f3. 

• File Select Register (f4). As previously noted. File Select 
Register, or FSR f4, is used in conjunction with Indirect 
Data Addressing Register fO to indirectly select one of 32 
available file registers. Since only Bit 0 through Bit 4 are 
utilized to select registers fO through flF (addressed 0 
through IF hexadecimal), Bits 5, 6 and 7 of FSR are read¬ 
only and are always set to binary 111. If no indirect calls 
are used in the program, this register can serve as a five- 
bit-wide general-purpose register. 

• I/O Registers (f5 through f7). Ports A (f5), B (f6) and C 
(17), comprise the I/O registers for the PIC16C55 and PIC- 
16057. Port C (17), is a general-purpose register on the 
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PIC16C54 and PIC16C56 not enough pins exist on these 
devices to accommodate another physical I/O port. Port A 
is a four-bit I/O register, with Bits 4 through 7 defined as 
binary 0000. Ports B and C are full eight-bit implementa¬ 
tions. These I/O registers can be read from and written to 
just like any other registers in the register file and are cap¬ 
able of having related I/O pins placed in high-impedance 
state for isolation or read operations. Any I/O pin can be 
independently programmed for input, output or bidirec¬ 
tional operation. 

• General-Purpose Registers. The second set of registers, 
known as the General-Purpose Registers, is defined as f08 
through flF (addressed 08 through IF hex) for the PIC- 
16C54, PIC16C55 and PIC16C56. Referring to Fig. 3, 
you’ll note that the PIC16C57 extends General Purpose 
Register presence to f7f (addressed 7F hex) via bank 
switching. General Purpose Registers are most commonly 
used as internal user RAM. 

• Special-Purpose Registers. To close out this look at the 
PIC16C5X register file. I’ll briefly explore such Special 
Purpose Registers as the W, or Working Register, which is 
essentially an accumulator. W is used heavily for internal 
data-transfer operations. Three other write-only I/O control 
Special Purpose Registers—TRISA, TRISB and TRISC— 
determine if the bits in the corresponding Port registers 
(Ports A, B and C). Thus, their respective I/O pins are in¬ 
put or output. Note that the PIC16C54 doesn’t utilize Port 
C and implements it as a general-purpose register. A bi¬ 
nary 1 corresponds to high-impedance or input mode, 
while a binary 0 allows output of that bit position to the 
related I/O pin. For example, W is loaded with binary 
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00001111 and TRISB is executed. The result would be 
that Port B (f6) would hold Bits 0 through 3 at high imped¬ 
ance (input state) and output the contents of register f6 
Bits 4 through 7 to the I/O pins. 

• Option Register. This is the last of the Special Purpose 
Registers. It defines prescaler assignment to the RTCC or 
WDT. The prescaler is shared by RTCC and WDT in a 
mutually-exclusive assignment. Only one resource can be 
prescaled at a time. Other bits within the register deter¬ 
mine on which signal edge RTCC will clock and if the 
RTCC input signal is internally or externally generated. 

• Watchdog Timer. This is used to prevent catastrophic soft¬ 
ware crashes from stopping a PIC program from running. It 
can also be used in timing applications, somewhat like a 
missing-pulse detector. The idea behind watchdog timers is 
to reset the watchdog timer under software control internal¬ 
ly or via an external event before the watchdog timer can 
time-out and generate a processor reset. Therefore, if the 
program is operating normally, the built-in commands to re¬ 
set the watchdog timer (CLRWDT) would be executed 
within specified time limits, eliminating a processor reset. 
On the other hand, if the microprocessor leaped beyond the 
existing program or began to loop within the program, the 
watchdog timer reset commands most likely wouldn’t be 
executed in a timely manner, a watchdog time-out would 
occur and a full-blown processor reset would be issued to 
clear the error condition, and, hopefully, the program would 
again run normally. 

The PIC16C5X watchdog timer doesn’t require external 
components and operates on its own internal RC oscillator. 
WDT operates even if the main processor clock isn’t oper- 
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ational. Typical WDT time-out period is 18 ms. The pre¬ 
scaler can be assigned to WDT and extend the time-out 
period to beyond 2 seconds. 

Another function of the WDT is to aid wake-up opera¬ 
tions during the PIC16C5X sleep mode. The instruction 
SLEEP puts the PIC into sleep mode. When the PIC- 
16C5X sleeps, very little power is consumed. Sleep mode 
can be exited on the occurrence of an event, such as the 
activation of a switch or sensor. 

• Oscillator Options. There are four oscillator options you 
can use with the PIC16C5X series of microcontrollers: 

XT, which is a crystal oscillator; HS, which is a high¬ 
speed crystal oscillator; LP, which is a low-power crystal 
oscillator; and RC, which is an RC-network oscillator. 

OTP devices can be purchased with any one of the oscil¬ 
lator configurations pre-programmed. EPROM devices can 
be programmed to use any of the four oscillator configura¬ 
tions. XT, HS and LP devices need a ceramic resonator, 
crystal or buffered external clock source to establish oscil¬ 
lation, while the RC configuration requires only a resistor 
and capacitor. Naturally, ceramic resonator and crystal os¬ 
cillator configurations are more accurate time-keeping de¬ 
vices, but if high-accuracy timing isn’t required in a given 
application, the RC oscillator approach can be used to cut 
cost and circuit complexity. 

• Reset Circuitry. PIC16C5X devices use an internal Power 
On Reset (POR) circuit in conjunction with the Oscillator 
Start-Up Timer (OST) to alleviate the need for the tradi¬ 
tional reset capacitor and resistor in most situations. To 
use the POR circuitry, you need only tie the MCLR pin to 
+5 volts. If the power ramps up slowly or you’re operating 
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Listing 1. Programming Code For PC Tutor Header Only 


. . 

r r f t / , r , , , 

///////>> 

///>>/> 

///////>>>//>//>>/ 

rt ttritri 

////////>//>>>/// 

f r 

; PIC TUTOR ... HEADER ONLY 



/ 

/ 

; E D TECHNICAL PUBLICATIONS 



f 

/ 

/ 

; REVISION 

02-21-94 





r 

r 

/ 

; MICROCOMPUTER JOURNAL 




t 

r 

tttrtttrrt 

rrrttttrr 

/ f f i / / / 

r r it tit it rrrtitift 

r/rtrttrt 

r / r t r r r e r r t r t r r t / 

t f 

r 

/ 

PIC16C54 

BASE EQUATES 




r 

/ 

RTCC 

EQU 

1H 

/REGISTER ASSIGNMENTS 



PC 

EQU 

2H 





STATUS 

EQU 

3H 





FSR 

EQU 

4H 





r 

CNTRLPORT 

EQU 

5H 





DATAPORT 

r 

EQU 

6H 

;l/0 PORT ASSIGNMENTS 



t 

/ 

/ 

/ 

PIC16C54 

STATUS 

REGISTER EQUATES 




/ 

c 

EQU 

OH 





DC 

EQU 

1H 





Z 

EQU 

2H 





PD 

EQU 

3H 





TO 

EQU 

4H 





PAO 

EQU 

5H 





PAl 

EQU 

6H 





PA2 

EQU 

7H 





.★★★★★★★★★ 

/ 

DL-1414 : 

EQUATES 





/ 

WELOW 

EQU 

2H 

;BIT 2 OF PORT_A 

(RA2) WE 

FOR LOW NIBBLE 


WEHI 

EQU 

3H 

;BIT 3 OF PORT_A 

(RA3) WE 

FOR HIGH NIBBLE 


_A1 

EQU 

1H 

;BIT 1 OF PORT_A 

DL-1414 

ADDRESS A1 


_A° 

EQU 

OH 

;BIT 0 OF PORT_A 

DL-1414 

ADDRESS AO 


r 

PIC16C54 

REGISTER EQUATES 




/ 

SCRATCH 

EQU 


7H 




DIGIT 

EQU 


8H 





with a very slow clock speed, the typical RC reset circuit 
can be used. 

Programming Code 

Having covered the hardware details of the PIC, let’s write 


some short code and exercise the hardware on the bread- 
boarded circuit. In this segment, you’ll be applying all 33 
instructions. To do so, in addition to the hardware, you 
need a PIC assembler. You can use the Microchip version 
or any other PIC assembler that generates base Microchip 
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Fig. 4. Assemble this circuit on solderless breadboarding socket to conduct experiments detailed in text. 
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opcode. An assembler is a piece of software that normally 
runs on your PC to compile and translate source code like 
that shown in Listing 1 into binary data (opcode) the PIC 
can understand and use. Source code is written with an 
ASCII editor and is the human perception of the final op¬ 
code. You’ll name an entity in the source code that makes 
sense to you but makes absolutely no sense to the PIC 
without being translated in the assembly process. 

In the Fig. 4 circuit, a PIC16C54 drives two DL-1414 
intelligent displays using a 4-MHz clock. A LED and asso¬ 
ciated current-limiting resistor can be tied to the vacant pin 
to facilitate demonstration of bit-oriented instructions. The 
LED arrangement is an added attraction of the PIC. Each 
PIC I/O pin can sink enough current to drive a LED, elimi¬ 
nating the need for a separate driver transistor and associ¬ 
ated resistors. The displays keep you informed of program 
results in binary format, with DIS2 being the lower nibble 
and DISJ being the upper nibble (a “nibble” consists of 
four bits). 

Begin experimenting by examining the skeleton code 
that must be used with your examples. When you start 
writing code for your own PIC projects, the header portion 
(all code preceding the ORG 0 statement) of our skeleton 
code will take on the look of the needs of your application. 
The header code defines resources by allowing you to 
specify logical names for bit positions, ports and registers. 
Your header code sets up the I/O pins so that Ports A and 
B are configured as outputs, which makes sense here be¬ 
cause you’re driving only DL-1414 input pins. When the 
PIC16C54 powers up, all I/O defaults to input and pro¬ 
cessing begins at address 1FFH. Where applicable, use 
comments in the code to simplify some of the explana¬ 
tions. The skeleton code is outlined in Listing 1. 

Refer back to Fig. 3 as you step through the contents of 
the skeleton code. First of all, note that anything following 
a (semicolon) is considered to be a comment. The 
RTCC statement instructs the PIC assembler to substitute a 
1H (hex) every time RTCC is encountered. EQU means 
equate. Thus, you’ve equated RTCC to 1H. Notice in Fig. 3 
that RTCC is actually file Address 01. You could use 01H 
every time you want to address the RTCC register, but your 
code would be more-difficult to debug because you’d have 
to remember that 01H represents RTCC. You could have 
numerical data that must be represented as 01H as well. 
Using the equates to name resources eliminates ambiguity 
and makes for easier source-code reading. You can see the 
relationship by examining the PC, STATUS and FSR defini¬ 
tions. The PC name relates to file Address 02, the STATUS 
name to file address 03, FSR to file Address 04, etc. I’ve 
also named the I/O ports, CNTRLPORT (5) and DATAPORT 
(6). General-purpose registers can be named as well. I’ve 
chosen to call general-purpose register 07 “SCRATCH” and 
general-purpose register 08 “DIGIT.” 

As you step through this tutorial, you’ll see that you 
don’t use the PC directly, though it’s defined. Keep in 
mind that you can define equates and not use them, but 
you can’t use an equate you haven’t previously defined. 

Not only can you name or “equate” registers, you can do 
the same for bits inside registers. Take a look under the 
status register equates section. Figure 5 is a layout of the 
Status Word Register. Note that C is equated to OH be¬ 
cause C (CARRY) is in bit position 0 of the Status Word. 


Following the skeleton code on down, you’ll see the pat¬ 
tern, bit for bit. So, every time you need to check CARRY 
Bit 0, you can use the pre-defined equate C. Every time 
you want to access Bit 2, or the ZERO bit, you use the 
character “Z” instead of 02H. You can define an entire 
register’s bit structure, even if you don’t use it all. I’ve 
done a similar operation on the I/O port pins, equating 
them to names that logically connect to the DL-1414 pins 
they serve. 

At this point, you should have a good handle on equate 
statements. Let’s now move on to the executable code 
area. Before you get there, though, you must cross an ORG 
0 statement. This is a locator for the assembler. For the 
person who entered it, this assembler instruction simply 
states that the code following this ORG statement begins at 
EPROM memory location 0. This statement instructs the 
assembler to being addressing (counting) at address or lo¬ 
cation OH from the following statement onward. 

The ORG statement is used to place code at a particular 
address within the EPROM’s memory space. Another ex¬ 
ample of the ORG directive in our code is the ORG 1FFH 
statement near the end of the skeleton code. As previously 
stated, the PIC16C54 begins program execution at this ad¬ 
dress (1FFH). The instruction immediately following ORG 
1FFH is GOTO BEGIN, which directs the program to jump to 
the label BEGIN and is, in fact, address 0, as defined by the 
ORG 0 directive. Directive END notifies the assembler that 
no executable code lies beyond its boundary. 

You’ve now established the beginning of real program 
execution at address 1FFH. The first instruction executed 
in the code is GOTO BEGIN, which jumps to location 0 and 
resumes execution there. BEGIN is a user-selected name or 
label (labels always start at the left margin) the assembler 
uses as an address reference. During the assembly process, 
the assembler notes the location of BEGIN and remembers 
that when it sees BEGIN again in the source code to auto¬ 
matically substitute the address BEGIN represents when 
calculating jumps and calls. The GOTO and CALL instruc¬ 
tions use these labels as references in the source code. 
Thus, you can jump immediately to the address represent¬ 
ed by BEGIN by executing GOTO BEGIN or calling a sub¬ 
routine marked by the START label by issuing CALL 
START. Labels are especially useful for implementing 
loops and subroutines. If you’ve programmed in BASIC, 
this is the same label you’ve used and know so well. 

Now that the assembler is informed as to the “logical 
human language” you’ll be using in your PIC source code 
and knows where to begin and where to convert labels to 
addresses, let’s look at some code in the PIC skeleton the 
PIC itself will execute. The first instruction following the 
BEGIN label, MOVLW B’00000000’, loads the W register 
with hexadecimal 00H. The B’ indicates the data that fol¬ 
lows is in binary format. I could have written MOVLW 0 
(decimal) or MOVLW OH (hex) and accomplished the same 
thing. Using the binary representation, especially when 
manipulating bits within a register, eliminates having to 
get out the hex calculator to interpret bit positions. 

Remember, your aim is to define the I/O ports as out¬ 
puts. The next two instructions, TRIS CNTRLPORT and 
TRIS DATAPORT, write 0s to the internal port-control 
latches of Ports 5 and 6, which I equated as CNTRLPORT 
and DATAPORT, respectively, and force the affected port 
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Listing 2. Complete Programming Code for PC Tutor 


PIC TUTOR 

E D TECHNICAL PUBLICATIONS 
REVISION 02-21-94 
MICROCOMPUTER JOURNAL 

J J I ! J J / ? I / ( /' J I I ? I J J (' J (' r I / f ? I r J I J n' JJ m‘ / / / J / (I II ! I? n' m h m m » ; / f m m i » f / m n 


********* PIC16C54 BASE EQUATES 


RTCC 

EQU 

1H 

/REGISTER ASSIGNMENTS 

PC 

EQU 

2H 


STATUS 

EQU 

3H 


FSR 

EQU 

4H 


CNTRLPORT 

EQU 

5H 


DATAPORT 

EQU 

6H 

;I/0 PORT ASSIGNMENTS 


********* pici6C54 STATUS REGISTER EQUATES 


C 

EQU 

OH 



DC 

EQU 

1H 



Z 

EQU 

2H 



PD 

EQU 

3H 



TO 

EQU 

4H 



PAO 

EQU 

5H 



PA1 

EQU 

6H 



PA2 

EQU 

7H 



. ********* 

DL-1414 

EQUATES 



WELOW 

EQU 

2H 

;BIT 

2 OF PORT_A (RA2) WE FOR LOW NIBBLE 

WE HI 

EQU 

3H 

;BIT 

3 OF PORT_A (RA3) WE FOR HIGH NIBBLE 

A1 

EQU 

1H 

;BIT 1 OF PORT_A DL-1414 ADDRESS A1 

_A° 

EQU 

OH 

;BIT 0 OF PORT_A DL-1414 ADDRESS A0 

. ********* 

/ 

PIC16C54 

REGISTER EQUATES 



SCRATCH 

EQU 

7H 



DIGIT 

EQU 

8H 



• ********* 

MAIN PROGRAM 




ORG 

0 



BEGIN 

MOVLW 

B'00000000 1 


/LOAD W WITH 00 HEX 


TRIS 

CNTRLPORT 


/MAKE RA0-RA3 PORT PINS OUTPUTS 


TRIS 

DATAPORT 


/MAKE RB0-RB7 PORT PINS OUTPUTS 


MOVLW 

B'00001100’ 


/SET WELOW AND WEHI 


MOVWF 

CNTRLPORT 


/CLEAR RAO AND RA1 


INSERT EXAMPLE CODE HERE 
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DISPLAY 


MOVWF 


MOVLW 

MOVWF 


NEXTDIGITL 

RRF 

BTFSC 

GOTO 

MOVLW 

MOVWF 

GOTO 


ITIS1L 


MOVLW 

MOVWF 


DIGIT 


04H 

SCRATCH 


DIGIT # 1 
STATUS,C 
ITIS1L 

30H 

DATAPORT 
WRITEITL 

31H 

DATAPORT 


WRITEITL 


NEXTADDL 


DISPLYHI 


ITIS1H 


WRITEITH 


NEXTADDH 


DONE 


BCF 

NOP 

BSF 


CNTRLPORT,WELOW 
CNTRLPORT,WELOW 


NEXTDIGITH 


DECFSZ SCRATCH,1 

GOTO 

GOTO 

INCF CNTRLPORT,1 

GOTO NEXTDIGITL 


MOVLW 4H 
MOVWF SCRATCH 
MOVLW 00001100B 
MOVWF CNTRLPORT 


RRF DIGIT,1 

BTFSC STATUS ,C 

GOTO ITIS1H 

MOVLW 3OH 

MOVWF DATAPORT 

GOTO WRITEITH 

MOVLW 31H 

MOVWF DATAPORT 

BCF CNTRLPORT ,WEHI 

NOP 

BSF CNTRLPORT, WE HI 

DECFSZ SCRATCH,1 

GOTO NEXTADDH 


GOTO 


INCF 

GOTO 


GOTO 


ORG 

GOTO 


END 


DONE 

CNTRLPORT,1 
NEXTDIGITH 


1FFH 

BEGIN 


;LOAD DIGIT WITH RESULT 

;LOAD SCRATCH REGISTER WITH 4 
FOR DIGITS 0-3 (4 BITS) 


;ROTATE LSB INTO CARRY 
;TEST CARRY FOR 1 OR 0 


;IT IS A 0. GO WRITE A ZERO 
;LOAD DATA TO DISPLAY DATA BUS 


;IT IS A 1...GO WRITE A ONE 
;LOAD DATA TO DISPLAY DATA BUS 

;WRITE BY CLEARING WELOW 
;WAIT luS (WAY LONG, BUT OK) 

;END WRITE BY SETTING WELOW 

/DECREMENT THE BIT COUNTER 

NEXTADDL 

DISPLYHI 

/INCREMENT THE ADDRESS 

/GO GET NEXT DIGIT FOR LOW NIBBLE 


/LOAD SCRATCH REGISTER WITH 4 
/FOR DIGITS 4-7 (4 BITS) 

/RESTORE THE DISPLAY ADDRESS TO 0 


/ROTATE LSB INTO CARRY 
/TEST CARRY FOR 1 OR 0 

/IT IS A 0. GO WRITE A ZERO 
/LOAD DATA TO DISPLAY DATA BUS 


•IT IS A 1...GO WRITE A ONE 
/LOAD DATA TO DISPLAY DATA BUS 

/WRITE BY CLEARING WELOW 
/WAIT l\lS (WAY LONG, BUT OK) 
/END WRITE BY SETTING WELOW 

/DECREMENT THE BIT COUNTER 


/INCREMENT THE ADDRESS 

/GO GET NEXT DIGIT FOR LOW NIBBLE 


/STAY HERE FOREVER..UNTIL POWER OFF 


/PIC16C54 STARTUP VECTOR 
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STATUS WORD REGISTER f3 


(7) 

(6) 

(5) 

(4) 

(3) 

(2) 

(1) 

(0) 

PA2 

PA1 

PAO 

TO 

PD 

z 

DC 

C 


\ / 


RESET CONDITION: 

PA2.PA1, PAO cleared to ’O’. 

TO, PD are set or reset as shown in Table 5. 

Z, DC, C are unknown on power on reset and 
unchanged in any other reset. 

CARRY BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the most significant bit of the resultant. 

Note that a subtraction is executed by adding the two’s 
complement of the second operand. For rotate (RRF, RLF) 
instructions, this bit is loaded with either the high or low 
order bit of the source register. 


DIGIT CARRY BIT: 

For ADDWF and SUBWF instructions, this bit is set if there is 
a carry out from the 4th low order bit of the resultant. 


ZERO BIT: 

Set if the result of an arithmetic or logic operation is zero. 


POWER DOWN BIT: 

Set to "1" during power up or by a CLRWDT command. This 
bit is reset to "0” by a SLEEP instruction. 


TIME-OUT BIT: 

Set to T during power up and by the CLRWDT and SLEEP 
command. This bit is reset to "0" by a watchdog timer time 
out. 

PIC16C54/C55 : Two general purpose read/write bits 

PIC16C56 : BIT 5 ... Page preselect bit 

0 = Page 0 (000- IFF) 

I = Page 1 (200 - 3FF) 

BIT 6 ... General purpose read/write bit 

PIC16C57 ; Two page preselect bits 

00 = Page 0 (000 - IFF) 

01 = Page 1 (200 - 3FF) 

10 = Page 2 (400 - 5FF) 

II » Page 3 (600 - 7FF) 

BIT 7: General purpose read/write bit 
(reserved for future use) 


Fig. 5. Layout Of StatUS Word Register. (Courtesy Microchip Techlology) 


pins to output state. In this case, all I/O port pins are af¬ 
fected and set to output state. Note that PORTA is a four- 
bit port and uses only the least-significant four bits and 
discards the most-significant four bits of the W register. 

For the purposes of the PIC, least-significant Bit 0 is lo¬ 
cated at the far right of the MOVLW B'00000000' instruc¬ 
tion, with the most-significant bit being at the far left. 
YouTl sometimes see these bit locations referenced as 
LSB (least-significant bit) and MSB (most-significant bit). 

As an aside, if you wanted to make all I/O ports input 
ports, the instruction would be MOVLW B’ 11111111\ You 
can mix and match outputs and inputs when using the 


TRIS instruction. For instance, to make PORTB Bit 7 
(RA7) the sole input, you’d issue MOVLW B' 10000000', 
followed by TRIS DATAPORT. Bit 7 (RA7) is the MSB of 
Port B. 

Once you've completed setup of the initial I/O port, you 
can write to the ports and either set (write a 1) or clear 
(write a 0) individual bits on the I/O ports. In this tutorial 
hardware, you must clear RAO and RA1 and set RA2 and 
RA3. Essentially, you want to set the DL-1414 address to 0 
and inhibit both DL-1414 write-enable pins by setting 
them to TTL high (logical 1). You accomplish this by 
loading W with binary 00001100 with the MOVLW in- 
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The following sets port B to OH: 


struction and moving the binary pattern contained in W to 
the Port A or CNTRLPORT pins using the MOVWF CNTRL- 
PORT instruction. At this point, the DL-1414 displays are 
inactive and are prepared for display activity. 

You’re now at a point at which you can insert the exam¬ 
ple code between the header and footer in the skeleton 
you’ve defined. Notice the commented line INSERT EX¬ 
AMPLE CODE HERE. You’ll replace this comment with 
actual instructions and note their results where applicable 
on the display or by the condition of the LED tied to the 
RB7 I/O pin. 

If you know little about PIC assembly language, any at¬ 
tempt to explain the code that drives the intelligent dis¬ 
plays would be like putting the cart before the horse. So, 
Listing 2 provides the complete skeleton code listing that 
you’ll understand when you’ve completed your tour 
through the entire PIC 16C5X instruction set. 


CLRF DATAPORT ;CLEAR PORT B (DATAPORT) 


• SUBWFf f d; ADDWFfd. Subtract W from general-pur¬ 
pose Register f. This instruction also affects the CARRY, 
DIGIT CARRY, and ZERO bits in the Status Word Register. 
Examination of these bits following execution of this in¬ 
struction enables you or the program to determine if the re¬ 
sult is 0, negative, or positive. Our example loads the 
SCRATCH register (General Purpose Register 7) with FFH 
and loads the W register with 1H. SUBWF is then execut¬ 
ed, and the result is directed to the W register and dis¬ 
played on the DL-1414 displays. 


MOVLW OFFH 

MOVWF SCRATCH 

MOVLW 01H 

SUBWF SCRATCH,0 


LOAD W WITH FFH 

LOAD W CONTENTS TO SCRATCH 

LOAD W WITH 01H 

EXECUTE SUBTRACT 


The Instruction Set 

Now let’s look at each of the PIC’s 33 programming in¬ 
structions in turn. 

• NOP. You really can’t show results of the NOP instruc¬ 
tion because it does nothing. NOP is PIC-ese for No Op¬ 
eration. This instruction is useful when fine-tuning timing 
loops because it does take up a cycle but affects nothing 
else. 

• MOVLW; MOVWF f y d; GOTO. These have already been 
examined in the header of the skeleton code. MOVLW sim¬ 
ply loads a literal, or constant value, into W. MOVWF, 
moves an eight-bit value from W to a designated register 
(0, as depicted in the instruction set summary. The d oper¬ 
and directs the result of the operation to the W register 
when d=0 , or the register the instruction is working with 
(f) when d=l. This use of the d operand is followed 
throughout the instruction set. 

The following source code writes the binary pattern 
01010101 to the W register and then moves the contents of 
Register W to Port B. Use a logic probe to test each pin of 
Port B (RB0 through RB7) and note the pattern. 


MOVLW B’01010101' 

MOVWF DATAPORT 

GOTO $ 


LOAD W WITH BINARY 01010101 
WRITE W TO PORT B (DATAPORT) 
LOOP HERE FOREVER 


The GOTO instruction is a control operation. Directive $ 
means current PC (Program Counter). Thus, the statement 
GOTO $ says jump to where you currently are. Therefore, 
the loop is infinite. This combination of $ directive and 
GOTO instruction is most useful for stopping your code 
during debugging. 

• CLRW. This instruction clears the W register to OH. Let’s 
simply add a line to the code we already have to illustrate 
this one: 


MOVLW 

CLRW 

MOVWF 

GOTO 


B’OIOIOIOV 

DATAPORT 

$ 


LOAD W WITH BINARY 01010101 
CLEAR W TO OH 

WRITE W TO PORT B (DATAPORT) 
LOOP HERE FOREVER 


The display should be 11111110. 

ADDWF is the opposite instruction and behaves just as 
the subtract instruction does when it comes to status bits. 


MOVLW 0H 

MOVWF SCRATCH 

MOVLW 1H 

ADDWF SCRATCH,0 


LOAD W WITH 0 

LOAD W CONTENTS TO SCRATCH 

LOAD W WITH 1 

EXECUTE ADD INSTRUCTION 


This results in a displayed value of 00000001. 

Note that a 0 precedes the FFH in the operand portion of 
the MOVLW instruction in the SUBWF code segment. The 
0 tells the assembler that this is intended to be a real num¬ 
ber, not a label. Otherwise, the assembler would be look¬ 
ing for the label FF. In this, case it doesn’t exist and an as¬ 
sembly error would occur. The H following the OFF op¬ 
erand indicates the value is in hexadecimal format. 

• DECFfd; INCF f,d. DECF decrements a register by 1 
while INCF increments a register by 1. The result can be 
placed back into the original register or directed to the W 
register. The following code results in the same bit pattern 
obtained when you ran the SUBWF instruction, but only 
the ZERO bit is affected. 


MOVLW OFFH 

MOVWF SCRATCH 

DECF SCRATCH,0 


LOAD W WITH FFH 

LOAD W CONTENTS TO SCRATCH 

EXECUTE DECREMENT SCRATCH 


This code segment increments SCRATCH from 0 to 1: 

CLRF SCRATCH ;CLEAR SCRATCH 

INCF SCRATCH,0 INCREMENT SCRATCH 

• IORWF f y d; ANDWF fd; XORWFf y d. These instructions 
represent the Inclusive-OR, AND and Exclusive-OR file- 
register functions of the PIC code set. Inclusive-OR is use¬ 
ful when setting multiple bits within registers. These same 
bits can then be reset by executing the ANDWF instruction. 
When like bits are Exclusive-ORed, the result is 0. Hence, 
the Exclusive-OR function is often used to test the condi¬ 
tion (set or cleared) of a set of bits within a register. 

The following example code uses the IORWF instruction 
to turn off the LED and the ANDWF function to turn it on. 


You should see TTL lows on all pins of Port B when you 
implement this code. 

• CLRFf. This does for registers what CLRW does for W. 


CLRF 

MOVLW 

IORWF 

GOTO 


DATAPORT 
B’10000000' 
DATAPORT, 1 


ZERO PORT B (TURN ON LED) 

SET UP MASK IN W 

OR W WITH DATAPORT (LED OFF) 

LOOP HERE FOREVER 
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In defining the term MASK, mask is simply a pattern of 
bits that will be logically combined with another bit 
pattern. 

Now turn on the LED using the ANDWF instruction with 
the following code: 


MOVLW B’llllllll* 

MOVWF DATAPORT 

CLRW 

ANDWF DATAPORT, 1 

GOTO $ 


LOAD W WITH FFH 
SET DATAPORT BITS (LED OFF) 
CLEAR W REGISTER TO 0 
CLEAR DATAPORT BITS (LED ON) 


The ZERO bit of the status word would be set if the condi¬ 
tion was met (SCRATCH = OH). 

• COMFfd. The complement of 1 is 0 and vice-versa. This 
is what this instruction does, complements bits within a reg¬ 
ister. To illustrate this, you complement the binary pattern 
01010101 and note the result in the displays as follows: 


MOVLW B’OIOIOIOr 

MOVWF SCRATCH 

COMF SCRATCH,0 


LOAD W WITH PATTERN 
LOAD SCRATCH WITH W 
COMPLEMENT SCRATCH 


Assume you’ve incremented the SCRATCH register and 
would like to know if you’ve reached 04H. Here’s a good 
place to employ the IORWF instruction: 


MOVLW 04 H 

MOVWF SCRATCH 

XORWF SCRATCH,0 


LOAD W 04H 

LOAD SCRATCH WITH 04H 
XOR W AND SCRATCH 


Since SCRATCH was, indeed, 04H, the result of Exclusive- 
OR was 0. You see binary 0000000 in the displays, and the 
ZERO status bit has been set. A real-world program would 
probably check the ZERO status bit and determine how to 
proceed from there. 

• IORLW k; ANDLW k; XORLW k. These logical operators 
operate like their file-register counterparts, except that the 
operation is always a constant operand used against the W 
register. Think of k as a mask and W as a target of the 
mask. For instance: 


The pattern displayed should be binary 10101010. 

• DECFSZ fyd; INCFSZ fd. As you become more familiar 
with PIC assembly language, you'll find yourself using 
these two instructions most often. DECFSZ, decrement f 
(register) and skip next instruction if 0, and INCFSZ, incre¬ 
ment f and skip next instruction if 0, are used to implement 
timing loops, counters, software clocks, delay loops and 
baud rates for serial communication. A typical loop fol¬ 
lows: 


START 


LOOP 


MOVLW 

0FFH 

LOAD W WITH FFH 

MOVWF 

SCRATCH 

LOAD SCRATCH WITH W 

CLRF 

DATAPORT 

TURN ON LED 

DECFSZ 

SCRATCH, 1 

DECREMENT SCRATCH 

GOTO 

LOOP 

SKIP IF SCRATCH = 0 

MOVLW 

80H 

LOAD W WITH 80H 

MOVWF 

DATAPORT 

TURN OFF LED 

GOTO 

START 

GO DO IT OVER 


MOVLW 0FFH ;LOAD W WITH FFH 

ANDLW 0 ;AND 0 WITH W 


The result is 00000000 in the displays. 

MOVLW 00H ;LOAD W WITH 0 

IROLW 0FFH ;OR W WITH FFH 

This results in 11111111 in the displays. 

MOVLW B’00100000’ ;LOAD W WITH 40H 

XORLW B’l111 1111’ ;XOR W WITH DFH 


This result will show 11011111 in the displays. 

You can see that these instructions perform the exact 
same operations as their brothers, but in a more direct way. 
• MOVF fd. This is a unique instruction. It’s used mainly 
to move general-purpose register contents to the W regis¬ 
ter. It can also be used to test a general-purpose register for 
0 by setting d to 1, which loads the register with itself. 

With the following, you load the SCRATCH register with 
0FH and then load the W register with the contents of the 
SCRATCH register and display the contents of the W regis¬ 
ter on the DL-1414 displays: 


MOVLW 0FH 

MOVWF SCRATCH 

CLRW 

MOVF SCRATCH,0 


LOAD W WITH 0FH 
LOAD SCRATCH WITH 0FH 
ZERO W 

LOAD W WITH SCRATCH 


If you wanted to test the SCRATCH register for zero dur¬ 
ing execution of a program, you could execute the follow¬ 
ing instruction: 

MOVF SCRATCH,1 


The LED will be flashing too fast for you to follow. So 
you may want to use a logic probe or oscilloscope to moni¬ 
tor I/O pin RB7. 

Note the use of labels here. The actual loop begins at the 
LOOP label and ends at the instruction GOTO LOOP. The 
LED is on during the loop sequence and is turned off by 
setting the MSB of Port B following the loop. GOTO 
START directs the program to repeat itself forever. “For¬ 
ever” in the world of the PIC is as long as power is pres¬ 
ent. You can use the same code and work with the INCFSZ 
instruction. Since you’ll be incrementing, you should load 
SCRATCH with OH. As you have by now probably figured 
out, the registers simply roll over. Increment a register that 
contains FFH and the result is 00H. Decrement a register 
that contains 00H and end up with FFH. 

• SWAPFfd. This instruction simply swaps nibbles within 
a register. A nibble is four bits, a byte is eight bits. The 
following example code is self-explanatory: 

MOVLW 6*00001111’ ;LOAD W WITH 0FH 

MOVWF SCRATCH ;LOAD SCRATCH WITH 0FH 

SWAPF SCRATCH,0 ;SWAP NIBBLES 

Your displays should indicate 1 1 110000. 

• RRF fd; RLF fd. The rotate instructions consist of RRF, 
rotate register right through CARRY and RLF, rotate regis¬ 
ter left through CARRY. Rotate instructions are sometimes 
used to multiply by shifting, or rotating left, or dividing by 
rotating right. RRF and RLF are also useful in assisting the 
bit-by-bit transfer required in serial routines. Study usage 
of them in your display routine in the skeleton code. In 
either case, the bit shifted out of the eight-bit register is 
passed to the CARRY bit in the status word, and the 
CARRY bit is shifted in on either end, depending on the 
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direction of rotate. CARRY is shifted into the LSB on an 
RLF and shifted into the MSB after an RRF. 


BCF STATUS,C 

MOVLW OFFH 

MOVWF SCRATCH 

RRF SCRATCH,1 


CLEAR THE CARRY BIT 
LOAD W WITH FFH 
LOAD SCRATCH WITH FF 
ROTATE LSB OUT 


Your display should read 01111111, since CARRY rotated 
into the MSB. 

Now rotate left with the following: 


BCF STATUS,C 

MOVLW OFFH 

MOVWF SCRATCH 

RLF SCRATCH,1 


CLEAR THE CARRY BIT 
LOAD W WITH FFH 
LOAD SCRATCH WITH FF 
ROTATE MSB OUT 


This should result in 11111110 in the displays. 

• BCF f y d.; BSF f y d . Bit clear f BCF and bit set f BSF are 
used to set or clear individual bits within a register. These 
aren’t difficult to use or understand. Turn on the LED 
using BCF as follows: 

MOVLW OFFH ;LOAD W WITH FFH (LED OFF) 

MOVWF DATAPORT ;TURN LED OFF 

BCF DATAPORT,7 ;CLEAR BIT 7 OF DATAPORT 

GOTO $ 


The result is turning on the LED by toggling a single bit. 
Remember, you did the same thing using a mask and the 
ANDWF instruction. The difference is that you needed to 
affect only a single bit in a single operation, whereas the 
ANDWF could affect multiple bits in a single operation. 
Also, the bit set/clear functions don’t affect the Status 
Word Register. Thus, bit set and clear instructions are 
commonly used to effect a result that doesn’t require a sta¬ 
tus-bit check. Bit set and clear functions can be used fol¬ 
lowing a status-bit check to complete a logical operation, 
such as turning on an LED with a counter reaches 0. Sub¬ 
stitute BSF for BCF in the above code segment. I think you 
already know what will happen. 

• BTFSCfb; BTFSS f,b. Introducing the bit-test commands. 
BTFSC, or bit test f and skip if bit is clear, and BTFSS, bit 
test f skip if bit is set, test a bit within a register and either 
skip or execute the following instruction, depending on the 
state of the bit tested. These instructions find their way 
into keyboard input programs, communication routines 
and sensor applications. For instance, suppose you were 
watching the output of a light-sensitive sensor, waiting for 
the light to be interrupted by an object. While light is pres¬ 
ent on the sensor, the I/O port bit is TTL high. When light 
is removed or interrupted, the sensor goes low. This is 
where the bit-test instructions shine. You’d simply loop 
reading the sensor until the condition you’re waiting for is 
met. At this point, your program exits the read loop and 
continues executing other instructions in response to the 
sensor condition. You can simulate a similar condition 
with the following code: 


MOVLW 

OFFH 

;LOAD W WITH FFH 

MOVWF 

DATAPORT 

;TURN OFF LED 

MOVLW 

B’00000001’ 

;LOAD W WITH 01H 

MOVWF 

SCRATCH 

;LOAD SCRATCH WITH W 

LOOP 

BTFSS 

SCRATCH,0 

TEST BIT 0 IN SCRATCH 

GOTO 

LOOP 

;SKIP IF BIT 0 = 1 


Converse with your Computer 

And Receive an Intelligent Reply 

PRIZE-WINNING SOFTWARE! 

Artificial intelligence specialist Joseph Weintraub has won the Loebner 
Prize for Artificial intelligence three years in a row. Weintraub is 
president of Thinking Software Inc. In 1991 at the Boston Computer 
Museum, Weintraub’s PC Therapist became the first artificial 
intelligence program to pass a limited turing test and win the Loebner 
Prize. PC Therapist convinced five out of the ten judges conversing 
with it that it was a human, not a computer program. Then in 1992 at 
the Cambridge Center, PC Professor, which specializes in conversa¬ 
tions of men versus women won the Loebner Prize again. Finally, in 
December of last year, Weintraub’s PC Politician passed the limited 
turning test and won the prize for the third year in a row. PC Politician 
asks the question, “Are you a liberal or conservative?” 

All this award-winning technology is now available to you. PC 
Therapist IV has a witty, whimsical personality and will have you howl¬ 
ing with laughter in no time. It could be called a therapist just because 
it cheers you up. A clever, bearded therapist moves his eyes and mouth 
as he talks through your PC speaker. To get the smooth-talking silicon 
buddy you’ve always wanted, try the SoundBlaster or Covox version. 

Thinking Software also offers the award-winning PC Politician 
for speech writers, political science professors and politicians. PC 
Politician is a cure for writer’s block and can help prepare speeches 
and rebuttals. PC Politician's comments may even be printed-if you give 
him credit. Conversations with PC Politician are saved in ASCII format 
for easy retrieval into your documents. 

PC Therapist IV retails for $69, add $18.95 for Sound Blaster and 
Covox versions. PC Professor is $99 and PC Politician retails for 
$119.95 

Systems Requirements: Thinking Software recommends a 386 or 
faster machine for its software. Credit Card Orders (718) 803-3638, Fax 
(718) 898-3126 press start after message. 

THINKING SOFTWARE, INC. 

46-16 65th Place-Dept. MIC25, Woodside, NY 11377 


CIRCLE NO. 87 ON FREE INFORMATION CARD 


TIRED OF WAITING FOR THE PROMPT ? 

Speed up with a ROM DRIVE! Boots 
DOS and programs instantly. Also 
used to replaco mechanical drive 
completely in controllers or 
diskless workstations. The only 
perfect protection from viruses. 
Easy to install half-size card. 

MVDISK1 128K $75 

MVCXSK2 720K 150 X / h 

MVCXSK3 2.88m 195 Y * ^ 

Quantity discounts! 


DOS IN ROM! 



$95 EPROM 
PROGRAMMER 

SUPER FAST PROGRAMMING 
EASIER TO USE THAN OTHERS 
DOES 2764-27080 (8 MEG) 



WORLDS SMALLEST PC !!! 
ROBOTS ALARMS RECORDERS DOS 

THREE EASY STEPS: $27 IK OTY 

1. Develop on PC ^ 

2. Download to SBC fl'QC 

3. Burn into EPROM ^J/wSGL QTY 

-2 PARALLEL -LCD INTERFACE 
-3 SERIAL -KEYBOARD INPUT 

-PC TYPE BUS -REAL TIME CLK 
-BIOS OPTION -BATTERY OR 5V 

FREE SHIPPING IN U.S. 

5 YEAR LIMITED WARRANTY 


[MS 


MVS Box 850 
Mefrtmock.NH 03054 
MTWF (508) 792 9507 


8088 SINGLE 
BOARD 
COMPUTER 
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;TURN ON LED 


If you enjoy 


Amatonv Darlin 



It's a different kind of ham magazine. Fun to read, 
interesting from cover to cover, written so you can 
understand it. That's CQ. Read and enjoyed by 
over 81,000 people each month in 116 countries 
around the world. 

It's more than just a magazine. It's an institution. 

CQ also sponsors these thirteen world famous awards 
programs and contests: The CQ World Wide DX 
Phone and CW Contests, the CQ WAZ Award, the CQ 
World Wide WPX Phone and CW Contests, the CQ 
World Wide VHF WPX Contest, the CQ USA-CA 
Award, the CQ WPX Award, the CQ World Wide 160 
Meter Phone and CW Contests, the CQ Five Band 
WAZ Award, the CQ DX Award, and the highly 
acclaimed CQ DX Hall of Fame. Accept the challenge, 
Join the fun. Read CQ. 

Also available in Spanish language edition. Write 
for rates and details. 



USA 

VE/XE 

Foreign 

1 Year 

24.50 

27.00 

29.00 

2 Years 

47.00 

51.00 

55.00 

3 Years 

69.00 

75.00 

81.00 


SUBSCRIBE TODAY! 


CQ The Radio Amateur's Journal 
76 North Broadway, Hicksville, New York 11801 
516-681 -2922 FAX 516-681 -2926 


To Order Toll-Free Call 
1 -800-853-9797 






BCF DATAP0RT.7 

GOTO $ 

This code segment sees Bit 7 of the SCRATCH register 
set and exits the loop to turn on the LED. Change BTFSS 
to BTFSC. What occurs is that you’ll never leave the loop 
comprised of the BTFSC and GOTO instructions. 

Here’s how to check the status bits in the Status Word 
Register: 

;Check the CARRY 

BTFSS STATUS,C ;IF C IS SET SKIP GOTO 

INSTRUCTION 

GOTO WHERE.EVER 

Checks the 0 bit in the STATUS register (f03) and skips the 
next instruction if set. BTFSS could also be BTFSC: 

;Check the ZERO 

BTFSS STATUS.Z ;IF Z IS SET SKIP GOTO 

INSTRUCTION 

GOTO WHERE_EVER 

1 can guarantee you’ll use both above examples more 
than once. 

• CALL k; RETLW k . CALL is used to jump to a subroutine 
at a particular address, execute that subroutine and hope¬ 
fully Find a RETLW instruction that returns to the origin of 
the CALL + 1 instruction. This is illustrated as follows: 


START 

BSF 

DATAPORT.7 

;TURN OFF LED 

CALL 

GOTO START 

TURNON 


TURNON 

BCF 

DATAPORT.7 

;TURN ON LED 

RETLW 0 


;RETURN WITH A 0 IN W 


Once again, get out the logic probe or scope, as this will 
be moving quickly. TURNON is the subroutine that ends 
with RETLW 0. It’s entered from CALL TURNON. Since 
this logic should be obvious to you know, I won’t expound 
upon it any further. 

The unique feature of the RETLW instruction is that k 
can be any eight-bit value. RETLW is useful in look-up 
tables because values can be returned to W when the sub¬ 
routine ends. Here’s a look: 


CALL 

ROUTINE 

GOTO 

ON THE DISPLAYS 
SHOWAA 


SHOWAA 

DISPLAY 

NOP 

RETLW OAAH 


;CALL THE SHOWAA SUB- 
;G0 SHOW THE RESULT 

;IDLE HERE ONE CYCLE 
;RETURN WITH AAH IN W 


You should see 10101010 in the displays. 


Summing Up 

In this article. I’ve tried to give you all the architecture and 
instruction-set information you need to get started using 
the PIC16C5X. Run the example code and change things 
around to see what happens. If you need any assistance, 
please feel free to give me a ring or fax at 407-454-9905, 
or leave a note on the E D Technical Publications BBS at 
407-454-3198. ■ 
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If you've been hesitating about upgrading your 
computer skills because you couldn’t find the time or 
locate the right program to teach you everything you 
need to know to be successful in today's world of 
computers, you’ll be happy to hear that CIE's new 
career course can provide you with the computer 
technology curriculum you seek in an independent 
study program you can afford to invest your time in. 

CIE’s COMPUTER OPERATION and 
PROGRAMMING course was designed and devel¬ 
oped by CIE to provide a complete overall under¬ 
standing of the unlimited potential today's computers 
offer, once you learn and discover their full capabili¬ 
ties, in today’s high tech environment. CIE's new 
computer course quickly provides you with the 
electronics fundamentals essential to fully understand 
and master the computer’s technological potentials for 
your personal and professional advancement. Upon 
mastering the fundamentals you will move into high 
level language programming such as BASIC and 
C-Language and then use that programming in order 
to relate the interfacing of electronic hardware circuitry 
to programming software. As a gradu¬ 
ate of the Computer Operation and 
Programming course, you will be able 
to successfully understand, analyze, 
install, troubleshoot, program and 
maintain the various types of electronic 
equipment used in business, manufac¬ 
turing, and service industries. 

Since 1934, CIE has been 
the world leader in home 
study electronics by 
providing our 150,000- 
plus graduates with the 
curriculum and hands-on 
training they’ve needed to 
become successful in 


today’s highly competitive and computer oriented 
society. As a CIE student you'll receive a first rate 
education from a faculty and staff with only one 
desire. Your future success! 

We encourage you to look, but you won't find a 
more comprehensive computer course anywhere! 

And it's a course designed to fit 
around your lifestyle and commit¬ 
ments today, so you can be assured 
of professional successes and 
financial gains tomorrow. 

Please, do yourself a favor and 
send the attached card or fill out and 
mail the coupon below for more 
information about CIE's 

Computer Operation 
and Programming 
course. Do It 
Today! 

Computer not 
included with 
course 


nmiE 


State. 


Area Code/Phone No*. 


Check box for G.I. Bulletin on Educational Benefits □ Veteran 

[CLEVELAND 
INSTITUTE OF 
ELECTRONICS, INC. 

1776 East 17th Street • Cleveland, Ohio 44114 • (216) 761-9400 


JUA 1U1 VJ.l. DUIICUM l 

-an 


□ Active Duty 


a 


A school of thousands. 

A class of one. 

Since 1934. 

A036 


Learn to Use Your 
Computer’s Full Potential. 


□ YES! I want to get started. Send me my CIE school catalog including details about the Associate Degree program 
(for your convenience, CIE will have a representative contact you - there is no obligation). 

Print Name_ 

Address__ Apt.- 

























By Steven Montgomery 


Small DC-Motor Theory 
and Control 

Learning the theory and practice of dc motors is vital 
to successful implementation of locomotion in amateur 
robotics and other motor-driven motion applications 


ARMATURE LEADS 
(Va rn) 




Fig. 1. Equivalent circuit for a dc motor. 


M odern technology provides 
many exciting opportunities 
for the electronics experi¬ 
menter to become involved in some 
pretty sophisticated and sometimes 
esoteric projects. To me, the most ex¬ 
citing area is currently mobile robot¬ 
ics. The ability to make a machine 
that can move under its own power 
and interact in its environment in a 
dynamic fashion is a truly fantastic 
pursuit. 

In amateur robotics, it’s common— 
in fact, almost universal—to use dc 
motors as the motive elements, be¬ 
cause of their ready availability and 
cost and the cost and the difficulty 
and complexity of implementing the 
control circuitry of the ac-motor alter¬ 
native. While it’s true that ac motors 
have the advantages over dc motors of 
being easier to velocity control and 
being smaller in size, the voltages re¬ 
quired to operate them aren’t easily 
achievable and they don’t produce 
nearly as much torque as their dc 
counterparts do. There are techniques, 
of course, such as vector control, to 
produce and control low-speed torque 
in ac motors, but to achieve this is 
very complicated and expensive. So, 
dc motors remain the overwhelming 
choice for low-cost robotic motion. 

The method of controlling the small 
dc motors that are the subject of this 
article is a bit of a black art to most 
people, but it’s imperative that you 
understand the control procedures re¬ 
quired to effectively use them in prac¬ 
tical projects. 

The two basic types of control you 
must be able to impress upon any mo¬ 
tor in a motion-control application are 
direction and speed. Direction control. 


obviously, makes the motor go for¬ 
ward or reverse, while speed control 
serves to change the speed of the mo¬ 
tor based on some speed-reference in¬ 
put. The speed-control portion can be 
either open- or closed-loop. In open- 
loop, the control circuit doesn’t moni¬ 
tor or regulate the motor’s speed. It 
simply outputs a voltage proportional 
to a speed command. Closed-loop 
control uses some type of feedback to 
monitor the motor’s speed and make 
corrections for load change to main¬ 
tain a constant speed from no-load to 
full-load conditions. 

In this article. I’ll show you how a 
dc motor works and how these types 
of controls work. Then I’ll discuss 
such topics as regenerative and dy¬ 
namic braking, different types of ve¬ 
locity feedback and position sensing. 

Dc Motor Operation 

Dc motors come in a variety of con¬ 
figurations and horsepower ratings. 
Larger motors use field windings to 
generate the magnetic field required 
for motor action. Since the field wind¬ 
ing carries a residual resistance, it 
produces unwanted heat in generating 
its magnetic field. This heat causes 


the motor to be inefficient and power- 
hungry. Though generation of heat 
with large motors is no big deal, it is a 
big deal with smaller motors, the kind 
you and I will be using. With these 
smaller motors, heat generation be¬ 
comes a problem. So, with dc motors 
rated to deliver 0.1 HP or less, perma¬ 
nent magnets are used to produce the 
required magnetic field. 

To understand how these motors 
work—and, thus, how they’re con¬ 
trolled—you must know two funda¬ 
mental relationships. One is that the 
current drawn by the motor is deter¬ 
mined by torque load. The other is 
that the voltage applied to the arma¬ 
ture determines speed. I’ll discuss the 
second relationship first. 

Under no-load conditions, if you 
place 6 volts on the armature of a 12- 
volt dc motor, the motor would run at 
50% of its full rated no-load speed. If 
you were to double the voltage, the 
motor’s speed would also double. 
You’d think that if a motor has an 
armature resistance of 2 ohms and an 
armature potential of 12 volts, the 
motor would draw 6 amperes. How¬ 
ever, if you apply 12 volts across the 
same motor with no load applied to 
the shaft and measure the current be- 


46 / MICROCOMPUTER JOURNAL / May/June 1994 








the second. As more torque is placed 
on the motor shaft, current draw goes 
up. As current draw increases, the 
voltage drop increases and speed de¬ 
creases. More voltage would have to 
be applied across the armature at this 
point to maintain constant speed. For 
lack of a better name, this effect of in¬ 
creased torque causing motor speed to 
droop is called counter-electromotive 
force, or cemf, which is simply the 
amount of voltage converted to heat 
in the motor windings resulting from 
current draw, cemf can be calculated 
using the formula: 


cemf = larm X Rmot (Eq. l) 


ing drawn by the motor, you’d dis¬ 
cover that the measurement would 
register nowhere near the expected 6 
amperes and, in fact, would be proba- f 
bly more like 0.1 ampere. At this 
point, you’d be asking yourself why 
this is the case. 

To answer your question, lets look 
at the equivalent circuit for a dc motor 
shown in Fig. 1. From right to left, 
you notice a Vann voltage source ap¬ 
plied to an Ra armature resistance. 

Note the equivalent voltage genera¬ 
tor shown in parallel with the arma¬ 
ture resistance. As an electric motor 
turns, it generates a voltage. This back 
voltage is known as back emf, the 
magnitude of which varies inversely 
with the load on the shaft. At no-load 
conditions, the output of this genera¬ 
tor is at its highest value, counteract¬ 
ing the armature voltage. In an ideal 
motor, no current would be drawn at 
all because back emf would equal 
V arm, and the voltage drop across the 
resistor would be real . However, since 
all motors require some torque to 
overcome losses in the turnings and 
commutators, back emf will always 
be slightly less than Vann, causing a 
small voltage drop across Ra and, 
thus, causing the motor to draw a 
small amount of current. _ x 

As the load on the shaffincreases, 
the back emf decreases. This causes a 
larger voltage drop across Ra, thus 
causing the motor to draw more cur¬ 
rent. In the worst case, enough load is 
placed on the shaft to cause the shaft 
to stop turning. Then, back emf is 0, 
and the entire Varm is dropped across 
Ra, resulting in maximum current be¬ 
ing drawn, a condition called “stall 


current” because it’s the current 
drawn when stall torque is placed on 
the motor shaft (causing the motor 
■sh aft to stop). _._ 

It’s important that you understand 
the foregoing because a motor’s speedy 
is directl y proportional to back emf, J 
not Varm.j As the torque load on the 
shaft increases, Varm remains constant 
but back emf decreases as the current 
drawn increases. If Varm is raised at 
this current draw, back emf would 
also go up by the same proportion. 
Therefore, if Varm is increased in pro¬ 
portion to current drawn such that 
back emf is constant, a constant motor 
sped can be maintained. 

Since, back emf is difficult to con¬ 
ceptualize and even more difficult to 
model in a control system, I presented 
the above discussion only to introduce 
the concept to you and provide a basis 
for a real-world model of the motor 
that’s easily attainable. 

Since you know that as torque load¬ 
ing increases, current draw also in¬ 
creases, you can calculate the differ¬ 
ence between Varm and back emf. The 
voltage dropped across Ra doesn’t 
produce motion. Only the voltage 
over and above the Ra voltage drop is 
converted to speed. Thus, if a motor 
has a 20-ohm armature and draws 0.1 
ampere of current, it will drop 2 volts 
across it. This means that only 10 of 
12 volts will be converted to speed. If 
current draw inc reases agai n, so does 
the voltage dro p, and dow n goes 
speed, which is in line with our earlier 
discussion of back emf. 

The foregoing is important to un¬ 
derstand because it’s how the first re¬ 
lationship I described above relates to 


where I arm is current draw due to 
toque load and Rmot is the published 
resistance of the motor. 

The amount of current that a motor 
draws is determined by the torque 
load on the motor. This can be de¬ 
scribed using a torque constant, or Kt, 
which specifies torque produced per 
current drawn and, thus, has units of 
oz.-in./A (ounce-inches per ampere). 
This constant is determined and pub¬ 
lished by the manufacturer of the mo¬ 
tor. Kt can be calculated if no-load 
torque Tni and no-load current Ini are 
known, using the equation: 

Kt = Tnl/lnl (Eq. 2) 

where Tni is in oz.-in. and Ini is in 
amperes. 

Once Kt is determined, its possible 
to calculate cemf for any toque load. 
Simply calculate larm using the equa¬ 
tion: 

larm = Tload/Kt (Eq. 3) 

where Tioad is torque load in oz.-in. on 
the motor. 

Now let’s work an example using 
these equations. Assume that you 
know the rated torque and current 
specifications (which would be pub¬ 
lished in the motor data book). Eq. 2 
uses no-load toque and current speci¬ 
fications, but the rated ones work just 
as well. You know that a particular dc 
motor will provide a 3.5-oz.-in. torque 
at 1.8 amperes. Using Eq. 2 to solve 
for Kt: 


Kt = Trated/I rated 

Kt = 3.5 oz.-in./1.8 ampere 
Kt = 2.7 oz.-in./A 
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Suppose we have an application in 
which this motor will have a torque 
load of 2.7 oz.-in. (to make the num¬ 
bers work out easily). Use Eq. 3 to 
solve for I arm! 

I arm = Tload/Kt 

larm = 2.7 oz.-in./2.7 (oz.-in./A) larm 

= 1 ampere 

Now, knowing that the motor’s resis¬ 
tance is 2.6 ohms (also published in 
the motor data book), calculate cemf 
using Eq. 1: 

Cemf = larm X Rmot 

cemf = 1 ampere x 2.6 ohms 

cemf =2.6 ampere-ohm = 2.6 volts 

This means that if the motor is rated 
at 12 volts and that is what’s being 
applied to the armature, only 9.4 volts 
of this potential would be translated 
into speed. You can calculate exactly 
how much the voltage drop will effect 
the speed and what the speed will be 
at any torque load using other con¬ 
stants. More on this later. 

Stall torque is the torque at which 
the motor shaft stops rotating. The 
reason the motor shaft stops rotating 
is that current draw is so high that it 
causes a voltage drop in the armature 
winding equal to the rated motor volt¬ 
age. This voltage drop is cemf. 
Therefore, stall torque is the torque at 
which cemf equals the voltage ap¬ 
plied to the armature. To derive the 
equation for stall torque, use the fol¬ 
lowing procedure: 

(1) First, cemf must equal the ap¬ 
plied armature voltage. Since you 
know cemf and the resistance of the 
motor, you can use Ohm’s law to cal¬ 
culate how much current is being 
drawn by the motor at the stall torque, 
using the equation: 

I stall = Cemf(Varrn)/Rrnot (Eq. 4) 

(2) Now calculate how much torque 
is produced at this current by rear¬ 
ranging Eq. 3 so that: 

Tstall = Istall X Kt 

(3) Not all of this torque is avail¬ 
able at the shaft to produce motion. 
There’s a certain amount of torque 
(the no-load torque) that’s used up in 
friction losses within the motor. 

Tstall = [(istall X Kt) —Tnl] (Eq. 5) 



Using Eq. 5, you can work an ex¬ 
ample using the motor data from the 
previous example. For a 12-volt 
motor, cemf at stall torque would be 
12 volts. Use Eq. 4 to solve for stall 
current: 

Istall = Cemf/Rrnot 

Istaii = 12 volts/2.6 ohms 

Istaii = 4.6 ampere 

No-load torque is assumed to be 
0.95 oz.-in. This and the value just 
calculated for Istaii can be plugged into 
Eq. 5 to determine Tstaii: 

Tstall = [(Istall X Kt) — Tnl] (Eq. 6) 

Tstaii = [(4.6 amperes x 2.7 oz.-in./A) 
-0.95 oz.-in.] 

Tstaii = [12.42 oz.-in.) - 0.95 oz.-in.] 

Tstaii = 11.47 oz.-in. 

This stall torque value is very impor¬ 
tant in rating a motor. You mustn’t 
use the motor in an application in 
which the required torque exceeds 
this torque, or you’ll have to provide 
overvoltage to the armature to devel¬ 
op motion. This would result in ex¬ 
cessive heating in the armature and 
would probably damage the motor. 

I said earlier that the speed of a mo¬ 
tor is determined by the voltage ap¬ 
plied to its armature. Exactly how 
much speed is produced for any given 
voltage is what I’ll now discuss. 

Remember that it was established 
that only the voltage in excess of 
cemf is converted to speed. Therefore, 
if 12 volts is applied to the armature 
and cemf is 2 volts, only 10 volts is 
translated to speed. So, how do you 
relate the 10 volts to the actual speed 
produced by the motor? The answer is 
the voltage constant, Kc, which is de¬ 
termined by the motor design and 


winding. Its value is published in the 
motor data book in units of volts/ 
krpm, which means that it produces 
so many krpm for every volt applied 
to the armature. You can use a rule- 
of-thumb calculation for K c : 

Ke = Kt/1.35 (Eq. 7) 

Speed, then, is determined by sim¬ 
ply dividing the armature voltage by 
the voltage constant, Kc. Hence, the 
following equation is generated: 

Smot(krpm) = Varm/Ke (Eq. 8) 

where Smcu is motor speed in thou¬ 
sands of rpm; Varm is the voltage ap¬ 
plied to the armature; and Kc is the 
voltage constant for the motor. Equa¬ 
tion 7 assumes, though, that all of the 
voltage applied to the armature is con¬ 
verted into speed. It was established 
above that it doesn’t, due to cemf. 
Therefore, cemf must be subtracted 
from the armature voltage to establish 
true armature speed. 

Smot(krpm) = [Varm - cemf]/Ke (Eq. 9) 

or 

Smot(krpm) = [Varm - (larm X Rmot)]/Ke 

We’ll now work an example using 
Eq. 9. From Eq. 7, and using the mo¬ 
tor data stated above, you can calcu¬ 
late Kc as follows: 

Ke = Kt/1.35 

Ke = 2.7(oz.-in./A)/1.35 

Ke = 2 volts/1,000 rpm 

Assume that the torque load on the 
motor is 2.7 oz.-in. Using Eq. 3, larm = 

1 ampere. Applying these numbers to 
Eq. 9, you can solve for motor speed 
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Fig. 4. A basic control system that incorporates feedback into closed control-loop design. 


when torque load on the shaft is 2.7 
oz.-in. and applied armature potential 
is 12 volts as follows: 

Smot = [Varm — (larm X Rmot)]/Ke 

Smot = [12 volts - (1 ampere x 2.6 

ohms)]/2 

Smot = 9.4 volts/2 

Smot = 4,700 rpm 

At this torque load, cemf is 2.6 volts. 
If you wished to maintain this motor 
at full speed when torque increased 
from no-load to 2.7 oz.-in., armature 
potential would have to be increased 
from 12 to 14.6 volts, causing the to¬ 
tal voltage converted to speed to be 
12 volts after cemf is taken into 
account. 

Braking 

When the dc voltage is removed from 
the armature of a dc motor, the motor 
will coast down to a stop. As this mo¬ 
tor is turning, generator action (the re¬ 
verse of motor action) is taking place. 
Generator action is caused when a 
conductor (the armature windings) 
cuts magnetic lines of flux (from the 
permanent magnets). This induces a 
voltage in the conductor. If there’s a 
closed circuit, current will flow. So, if 
the motor is spun and the armature 
leads are open, you'd be able to mea¬ 
sure an open-circuit voltage at the 
armature leads. It’s this principle 
that’s used for the tachometer feed¬ 
back I’ll discuss later. What’s of 
interest here is how to brake the mo¬ 
tor once the voltage is removed. To 
do this, you can take advantage of the 
generator-action principle. 

The key to understanding all of this 
is the law of conservation of energy, 
which states that “energy can neither 
be created nor destroyed, only 


changed in form.” The coasting down 
motor has kinetic energy. The only 
thing causing it to coast down at all is 
that some of this energy is dissipated 
in the form of heat resulting from fric¬ 
tion in the motor’s bearings. Your 
goal is to transform this kinetic ener¬ 
gy, as fast as possible, into some other 
form of energy. By doing this, the 
motor will stop. 

The generator-action principle tells 
us that the motor will be producing a 
voltage across the armature that’s pro¬ 
portional to its speed. When you place 
a voltage across a resistance in a 
closed circuit, a certain amount of 
current is drawn and heat is dissipat¬ 
ed, the amount of which is determined 
by squaring the current being drawn 
and multiplying it by the resistance, 
commonly known as I 2 R losses. 

Heat is a form of energy. You need 
to change the rotational energy of the 
motor into some other form of energy 
to stop the rotation of the motor’s 
shaft. You can place a load resistance 
across the armature, which will cause 
current flow due to the voltage from 
generator action. This current flow 
will produce heat in the resistor, 
which accounts for the rapid decelera¬ 
tion of the motor. Thus, rotational 
energy is transformed into heat. 

The concept of placing a resistor 
across the armature to brake a coast¬ 
ing down motor is widely known as 
“dynamic breaking.” The easiest way 
to implement a dynamic brake is to 
use a dpdt relay, configured as shown 
in Fig. 2. The motor is connected such 
that when the relay is energized, a 
voltage is impressed across the mo¬ 
tor’s armature. When the relay deen¬ 
ergizes, the armature connects across 
a resistor that brakes the motor to a 
quick stop. 

For small dc motors of a fractional 


horsepower, a 0.47-ohm 10-watt re¬ 
sistor supplies more than enough dis¬ 
sipation and will serve to brake the 
motor rather quickly. 

If you’re using dc motors to propel 
a mobile robot, you’re probably using 
batteries. This being the case, your 
designs should be power-conservative 
to assure that you obtain the most op¬ 
erating time from a single charge. 
Therefore, it would seem senseless to 
just throw away that dissipated energy 
from dynamic braking into the envi¬ 
ronment as unused heat. Instead, it 
would be nicer to use that energy to 
recharge the batteries. You could, 
then, make the batteries the load in¬ 
stead of a resistor and use the genera¬ 
tor action to recharge the batteries 
and, hence, brake the motor. 

Figure 3 shows a dpdt relay config¬ 
uration that will recharge the batteries 
when the relay deenergizes and will 
turn the motor when the relay is ener¬ 
gized. In brake mode, the motor 
charges the batteries as when its out¬ 
put is 0.6 volt greater than the charge 
on the batteries. Once the motor’s 
output voltage has dropped below 0.6 
volt more than the battery’s voltage, 
the diode reverse-biases and braking 
action ceases. This method of braking 
a motor by regenerating power into 
the power-supply system is called re¬ 
generative braking. 

Before I end this discussion, it’s 
appropriate to talk about some appli¬ 
cations notes that are important in the 
application of regenerative braking. 
First, you must consider the inertial 
load on a motor. A high inertial load 
stores energy as it’s being turned and 
then releases it once the rotational 
force (torque) is removed. This iner¬ 
tial load determines how much energy 
must be dissipated to brake the motor. 
The greater the load, the longer it will 
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Fig. 5. Example of a basic current- 
feedback circuit. 

Fig. 6. A typical optical-encoder 
arrangement. 



take the motor to coast to a stop. 

If you have a relatively low inertial 
load, such as a robot traveling at low 
speed with gear-reduced dc motors, 
you can’t realize the benefits of re¬ 
generative braking because little ener¬ 
gy must be dissipated to brake the 
motor. Most of the available energy 
would be used up in losses in the re¬ 
charging portion of the circuit rather 
quickly, putting little or no energy in¬ 
to recharging itself. But, if there’s 
high inertial load or a large momen¬ 
tum, regenerative braking can per¬ 
form wonderfully. In such cases, a 
robot is usually traveling at faster than 
5 mph weighs about 75 pounds and 
uses directly coupled—not gearbox- 
reduced —dc motors. 

A good portion of energy would be 
available through the braking process 
that would be used to charge the bat¬ 
tery. I wanted to bring this up because 
it is important in determining the ef¬ 
fectiveness of regenerative braking 
for your application. I didn’t cover it 
in great detail here as this information 
is worthy of an article all by itself. 

Feedback 

If you’re going to build a motor con¬ 
troller that uses a closed control loop, 
you must incorporate feedback into 
your design. A basic control system 
for this is depicted in Fig. 4. The de¬ 
sired speed is input to an error ampli¬ 
fier. Feedback from the motor indi¬ 
cates actual motor speed. The error 
amplifier subtracts actual speed from 
desired speed to attain an error signal 
that’s literally the difference between 
how fast you want the motor to run 


and how fast it’s actually running. 
This can be calculated as follows: 

Evel = Vdes — Vact (Eq. 10) 

where Evci is error magnitude, Vdes is 
desired velocity and Vact is actual 
velocity. 

This error is then amplified. The 
method of amplification used depends 
on the control scheme. If the control 
loop is a proportional-gain one, the 
amplifier will output a control signal 
that’s proportional to the loop. For 
most motor-control circuits used for 
mobile robot drive motors, a propor¬ 
tional loop is sufficient. Other loops 
implement integral and derivative am¬ 
plifiers to attain critical damping and 
highly accurate speed regulation, but 
the penalty is increased design com¬ 
plexity and tuning. The output of the 
gain amplifier is fed into an output 
amplifier that drives the motor. This 
is a basic control loop. 

As I discussed earlier, knowing the 
current a motor is drawing is impor¬ 
tant in determining the actual speed. 
Remember that you could determine 
the armature voltage necessary to 
maintain a constant motor speed for 
varying loads if you know the current 
being drawn. 

Current feedback is very simple to 
achieve. Super-accurate systems use 
Hall-effect devices to measure the 
magnetic flux around a length of wire 
to determine the current flowing 
through the wire. But these things are 
expensive, and there’s a simpler, 
more-economical way to obtain cur¬ 
rent feedback. 

Consider the circuit shown in Fig. 


5. If the load is drawing 1 ampere of 
current, the drop across the resistor 
would be 1 volt and the meter would 
display 1 volt. In this case, the resistor 
is being used as a shunt to change the 
current to a readable voltage. A dif¬ 
ferential operational amplifier could 
be placed here to amplify the current 
and provide a referenced output as 
feedback to a closed loop. 

Velocity feedback is used to tell a 
control loop the actual speed of a mo¬ 
tor. The control loop subtracts this 
from the desired speed to arrive at an 
error signal that tells the gain amplifi¬ 
er how much to increase the output to 
bring actual motor speed up to desired 
speed and maintain it at this point. 

Since a rotating dc motor’s shaft 
becomes a generator, the output volt¬ 
age of which is directly proportional 
to speed, a dc motor is commonly re¬ 
ferred to as a tachometer or tachogen- 
erator. The voltage output is linear to 
speed, and speed can be determined 
by knowing the tachometer’s no-load 
speed and voltage ratings using the 
equation: 

Ntach = (Nnl/Vnl) X Vtach 

where Ntach is the speed of the tach¬ 
ometer shaft; Nni is the no load speed 
of the motor; Vni is the rated voltage 
of motor; and Vtach is the actual mea¬ 
sured tachometer voltage. 

A 12-volt tachometer with a no- 
load speed of 10,000 rpm would pro¬ 
duce 0.12 volt for every 100 rpm. If 
you fed this output voltage into an 
eight-bit A/D converter with a 12-volt 
reference, you could detect Vtach in 
0.047-volt increments. Thus, you 
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Fig. 7. This is the schematic of an experimental dc-motor speed-control circuit. 
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PARTS LIST 

Semiconductors 

D1,D2—1N914 or similar switching 
diode 

REG1—LM317 
Ul—LM324 

Resistors (V-i-watt, 10% tolerance) 
R3.R4—1 megohm 
R5— 10 megohms 
R6,R7,R8—1 megohm 
R9— 100,000 ohms 
R 1—0.47 ohm 

R2—10,000-ohm multi-turn trimmer 
potentiometer 


could de- tect motor speed within 38 
rpm, or 0.4% of full rated speed. 

The other commonly used method 
used for velocity feedback is use of an 
optical encoder. Figure 6 shows a typ¬ 
ical optical encoder arrangement. The 
encoder wheel is attached directly to 
the shaft and contains evenly-spaced 
holes around its perimeter. On one 
side of the encoder wheel is an infra¬ 
red transmitter. On the other side is an 
IR detector. The two are aligned in 
such a way that as a hole passes by, 
the IR energy passes through from the 
transmitter to the detector, turning on 
the latter. When the solid portion be¬ 
tween the holes blocks the energy 
path, the detector turns off. In this 
way, the optical encoder produces a 
pulse train whose frequency is pro¬ 
portional to speed. 

A simple frequency-to-voltage (F/V) 
circuit uses a single IC that takes the 
input pulse train and outputs a propor¬ 
tional voltage. Consult National 
Semiconductor’s reference manual for 
any additional data on F/V converters. 

A benefit of using an optical en¬ 
coder is that it not only provides 
speed information, it also provides 
distance information. One pulse is 
generated for every partial turn of the 
encoder wheel. This partial turn repre¬ 
sents motion, and the pulses can be 
counted to measure this motion. 

As an example of the above, let’s 
look at the following scenario. You’re 
using a motor that turns a 6" wheel 
and is encoded using a 128-hole 
scheme. What’s the maximum accura¬ 
cy you measure the motion of the ma¬ 
chine that is moved by the wheel? To 
determine the answer to this question, 
first calculate the circumference of 
the wheel using the formula: 

c = 2m 


where c is circumference, tt is the 
constant 3.1412, and r is radius (half 
the diameter). In this example diame¬ 
ter = 6", which will yield a result in 
inches for the circumference. Thus, 

c = 2x 3.1412 X (672) = 4.28 X 

(672) = 18.84” 

Now divide this number by 128 to 
determine the minimum amount (ac¬ 
curacy) of motion that you can detect 
is 0.147, or approximately 0.15". So, 
the maximum error that will be intro¬ 
duced into a control loop is 0.15" for 
any single pulse (additional pulses 
can accumulate the error). 

Control Circuit 

Figure 7 is the schematic diagram for 
a simple control system that employs 
current feedback to control speed. 

If you can determine the amount of 
current being drawn, you can deter¬ 
mine the difference between the ap¬ 
plied armature voltage and back emf. 
You want to maintain bemf at a con¬ 
stant level and, in doing so, a constant 
motor speed. To do this, you must in¬ 
crease the armature voltage by a cer¬ 
tain amount to counteract the droop in 
bemf caused by the applied load. 

This circuit employs an LM317 
variable linear regulator to regulate 
the voltage output to the armature. 

The reference of the regulator is var¬ 
ied up and down to generate greater 
and lesser armature voltages based on 
the reference signal voltage and the 
current fed back. The LM317 main¬ 
tains the output at 1.25 volts greater 
than the reference voltage. 

A 0.47-ohm resistor is used in ser¬ 
ies with the motor as a shunt. The dif¬ 
ferential voltage across it changes as 
the current drawn by the motor 
changes. Since the LM317 is rated for 
a maximum current output of 1.5 am¬ 
peres, the greatest drop across this re¬ 
sistor is 0.72 volts. Chip VIA scales 
this to represent the true voltage 
dropped across the motor. For exam¬ 
ple, if the motor has a winding resis¬ 
tance of 2 ohms and draws 1.5 am¬ 
peres, its drop would be 3 volts. 
Therefore, VIA would be scaled to 
provide 3 volts output for 0.72 volt in¬ 
put. This scaling is controlled by R2. 

The output of VIA represents the 
amount of voltage that must be added 
to the desired no-load speed voltage 
to maintain constant speed. To ex¬ 


plain better, if the motor is rated for 
100% speed at 12 volts and the volt¬ 
age output of VIA is 3 volts, armature 
potential would have to be 15 volts to 
maintain 100% speed. The output of 
VIA is fed into the non-inverting (+) 
input of VIB. 

Chip VIB is a unity-gain amplifier 
that sums together the output of VIA 
and a reference voltage to form a ref¬ 
erence potential for the LM317. The 
speed reference voltage should be a 
signal from 0 to -10.75 volts and can 
either be generated using a potenti¬ 
ometer, as indicated by RJ0, or from a 
D/A converter. The speed reference 
voltage is negative because it’s fed 
into the inverting input of VIB so that 
its positive opposite will be added to 
the output of VIA to generate the ref¬ 
erence voltage to the LM317. If it’s 
more convenient, the speed reference 
input could be 0 to -12 volts, and the 
motor would just over-speed a little. 

The circuit as shown is experimen¬ 
tal, but initial tests seem to work 
good. The circuit with an 18-volt 
power supply for the motor and a 
-12-volt power supply for the speed 
reference can handle motors with stall 
currents of 1.5 amperes and motor re¬ 
sistances of 8 ohms. 

Bear in mind when applying this 
circuit that it uses only a proportional 
control loop for current feedback con¬ 
trol. For the system to respond well 
and accurately control the speed, there 
should be little cycling of the load on 
the motor’s shaft. Cyclic loads can be 
improved by using proper bearings to 
support the shaft and ensuring that 
coupling devices, such as collars and 
belts/pulleys, aren’t binding. 

In Closing 

I’ve covered here the basics of dc mo¬ 
tor operation and presented lots of 
equations. Then, I showed you how to 
apply the theories presented early in 
the text in a speed-regulating motor 
controller. As you can see from the 
examples I’ve presented, there’s noth¬ 
ing about the math used here that 
should be particularly intimidating. If 
you build robots like me, I especially 
hope you found this information to be 
useful. If you did, I’d certainly like to 
hear from you. As always, I can be 
reached by writing to me at 3845 SW 
25, Oklahoma City, OK 73108. 
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By R.C. Nicklin 



Timing QuickBASIC for 
Physics-Lab Applications 


Some simple projects you can build to conduct physics 
experiments in the lab and at home, using a PC 


I develop programs and apparatus 
for my students to use for data 
acquisition in physics labs. Most 
of my experiments measure events 
that are completed in less than a sec¬ 
ond or are repetitive and require time 
resolution of the order of a few milli¬ 
seconds. One of my most-persistent 
problems has been to provide a be¬ 
lievable time calibration. Numerous 
schemes exist to do this are based on 
expensive peripheral cards or pre¬ 
sumed instruction times for various 
PCs, but 1 prefer a direct approach. 
I’ve built a simple calibration box that 
derives its timing from the 60-Hz ac 
power-line frequency. I attach this to 
a PC in place of an experiment and 
adjust my QuickBASIC program until 
it gives the correct times. Then I know 
what the timing is. 

In this article, I’ll describe how to: 
build and use the calibration circuit; 
use Keithley MetraByte DAS-4 and 
DAS-8 data-acquisition cards to bring 
in switch readings; build a sturdy 
breakout box to connect experiments 
to the MetraByte cards and special¬ 
ized QuickBASIC programs to do dig¬ 
ital input and give the correct timing 
for particular experiments. Applica¬ 
tions I’ll cover include a phototransis¬ 
tor switch to measure the velocity of a 
falling body; lever switches to study a 
driver’s reaction time; magnetic 
switches to determine glider velocity 
on an air track, power on an exercise 
bike and the motion of a sprinter com¬ 
ing out of starting blocks; and a sonic 
ranger to follow a subject’s motion. 

PCs in the Physics Lab 

There can be no doubt that computers 
are versatile as instruments in labora¬ 
tory instruction. Properly equipped 
and programmed, a PC becomes a 


timer, a voltmeter or an oscilloscope. 

It can calculate, tabulate, plot and print. 
Although some commercial apparatus 
and software are available for use in 
labs, they’re mostly too expensive and 


too inflexible for my purposes. Since 
we have a considerable investment in 
conventional apparatus for undergrad¬ 
uate laboratories, I tailor some experi¬ 
ments and software to use it. 
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For the past four years, I've equipped 
each lab PC with a Keithley Metra- 
Byte DAS-4 card, a homemade inter¬ 
face box and applications programs 
written in QuickBASIC. Many of 
these programs need a time calibra¬ 
tion, wherein lies a problem. PC/XTs 
and ATs use 8253 and 8254 timer 
chips, which have three channels. 
Some 386 support chips also include 
the 8254. Unfortunately, all three 
channels are used by a PC. One chan¬ 
nel is a real-time clock that provides 


date and time. It “ticks’’ at about 18.2 
times per second, and it’s resolution is 
only ±55 ms, which isn’t good enough 
for timing brief events. 

If you can afford it, probably the 
best way to obtain decent timing cap¬ 
ability is to add a counter/timer card. 
Also, some multi-function I/O cards 
have analog inputs, digital I/O and 
counter/timers. An assembly-lan¬ 
guage software fix is another possibil¬ 
ity. The only commercially available 
software timer I've ever heard of 


turned out to work only with pro¬ 
grams written in C. 

There are problems with all such 
methods. I like to know with certainty 
what my instruments are measuring. 
Even with a fancy timer card, I’d have 
to feed in a signal from a stable func¬ 
tion generator, monitored by a coun¬ 
ter, and compare the frequency 
claimed by the card with the frequen¬ 
cy fed in. I simply won’t rely on a 
manufacturer’s claims of accuracy. 
And unless an assembly-language 
timer is actually reading an indepen¬ 
dent hardware timer, there’s the prob¬ 
lem of counting machine cycles for 
the program’s instructions and con¬ 
verting to obtain execution time. 
Again, I’d want an independent way 
to know the timing. 

60-Hz Solution 

I decided to feed 60-Hz square waves, 
derived from power line ac, to my PC 
in place of the experiment. For exam¬ 
ple, if 10 square-wave pulses come 
through, I'd know the elapsed time is 
10/60 second. The portable 60-Hz cal¬ 
ibrator shown (A) schematically and 
(B) in wired form in Fig. 1 uses com¬ 
monly available components, most of 
which the average electronics experi¬ 
menter already has on his workbench. 

In this circuit, the transformer steps 
down 120 volts ac and isolates the re¬ 
sulting 28 volts peak-to-peak from the 
ac-line source. The diode half-recti- 
fies the sine waveform and feeds it to 
the noninverting input of the opera¬ 
tional amplifier, which yields a gain 
of about 11. Since the op-amp power 
supply delivers about +6 volts, the 
waveform is clipped, resulting in a 
train of square-wave pulses oscillating 
between 0 and 5 volts. 

I assumed that power companies 
had to maintain the frequency to 
about 1 part in 10,000, a figure I 
vaguely remembered reading many 
years ago. I was curious to know what 
the current standard is and presumed 
this would be common knowledge in 
any electrical utility. To my surprise, 
it’s not! Several calls to my two local 
power companies failed to turn up 
anyone who even knew what a Hertz 
is, much less the meaning of 60 Hz. 

So I called the major power company 
in North Carolina. Same story. Even¬ 
tually, I got through to a real engineer 
who dealt with power transmission. 
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Fig. 2. Schematic 
details of an interface 
box that accepts 
phono cables from ex¬ 
periments. A ribbon 
cable connects the box 
to a DAS-4/8 card in 
the PC. 


Fig. 3. In this photo¬ 
transistor switch circuit, 
light causes IP1 to reg¬ 
ister about +5 volts. 

IP1 drops to 0 Volts 
when beam in inter¬ 
rupted. 


Listing 1. Reading 10 Interruptions of a Light Beam 
Falling on a Phototransistor Switch 


SWITCH-0.BAS RC Nicklin 12 Nov 1993 
How to read a switch with QuickBASIC and DAS-4 card. 


Card was installed with base address H300. 

Status Register is at H302 (Base + 2) and contains: 
bit 7 6 5 4 3 2 1 0 

x IP3 IP2 IP1 x xxx 

(bits 4, 5, 6 have contents of 3 input lines). 


‘ Values for MetraByte DAS-4/8 cards. 

Status = &H302 ‘ Base address + 2 

MaskIPI = 16 ‘0001 0000 

Checklnput: 

CLS 0: LOCATE 5, 1: PRINT “IP1 = M 
DO 

x = INP(Status) 

IP1 =x AND MaskIPI 
LOCATE 5, 7: PRINT 14 
LOCATE 5, 7: PRINT IP1 
LOOP UNTIL INKEY$ <> 

END 



He was kind enough to send me a 
stripchart record of typical frequency 
fluctuations in daily operations that 
shows that the 60 Hz is maintained to 
±0.01 Hz (1 part in 6,000) for several 
hours, with a 10-minute excursion 
0.02 Hz away from the ideal. Based 
on this sample, it seems that a time 
calibration done with the 60-Hz cali¬ 
brator is good to at least 1 part in 
3,000, which is good enough for my 
purposes. 

Data Acquisition 

MetraByte cards evidently represent 


some sort of industry standard, since 
they’re cloned by Computer Boards, 
Inc. and CyberResearch, Inc. Keithley 
recently introduced its DAS-800 ser¬ 
ies to replace the DAS-8 series and 
dropped prices to $350 to $450. The 
DAS-4 currently costs $250 and fea¬ 
tures digital input lines IP I through 
IP3; digital output lines OP1 through 
OP4; eight-bit channels AO through A7 
for analog-to-digital (A/D) conversion 
in the ±5-volt range. The DAS-8/800 
series cards have the same digital I/O 
lines and a 12-bit A/D converter. 

Applications in this article require 
finding the time to close or open a 


switch. In turn, this requires reading 
digital input lines and knowing the 
time (AT) between readings. The 
DAS-4/8/800 cards represent overkill 
for this and a less-expensive digital- 
only card would suffice. 

The DAS-4 and DAS-8 cards come 
with a 37-pin male connector. Rather 
expensive SI25 screw-type terminal 
boards are available for these and 
similar cards from other manufactur¬ 
ers. Since I’m constantly connecting 
and disconnecting various experi¬ 
ments to and from my PCs, I need a 
quick way to do this. A homemade 
interface box like that shown sche- 
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matically in Fig. 2, also has a 37-pin 
male connector, and a ribbon cable 
connects it to the DAS-4. 

This interface box has phono jacks 
for digital inputs IP1 through IP3, dig¬ 
ital outputs OP1 through OP4 and -12, 
5.0 (reference), +5 and +12 volts. All 
12 lines are returned to digital ground. 
There are also eight jacks for analog 
inputs AO through A7, which are 
returned to analog ground on the 
DAS-4. In this article, mainly IP1 is 
used . 

The SWITCH-0 program in Listing 
1 shows how to read input port IP1 on 
the MetraByte cards. These cards 


have a DIP switch for selecting a base 
address in the PC, usually 300h (deci¬ 
mal 768). At 302h (base address + 2) 
is a status register that lets a program 
communicate with input ports IP I 
through IP3. 

Status Register on DAS-4 & DAS-8 


Bit Position 

Meaning 

MaskIPl 

7 

X 

0 

6 

IP3 

0 

5 

IP2 

0 

4 

IP1 

1 

3 

X 

0 

2 

X 

0 

1 

X 

0 

0 

X 

0 



Fig. 4. When Plexiglas plate is dropped, 
stripes on it interrupt flashlight beam 
falling on the phototransistor. 


In the program, x = INP(Status) stores 
the contents of the status register in 
the variable x. The line IP1 = x AND 
MaskIPl picks off the condition of IP1 
For example: 


Status 

MaskIPl 

xAND MaskIPl 

1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 


Binary 0001 0000 = decimal 16. So 
when QB says IP1 = 16, you know 
that the switch is open (since its bit = 
1). Conversely, when IP1 = 0, the 
switch is closed. 

The DO...LOOP in Listing 1 keeps 
reading the switch and printing its 
condition (IP1 =0 or 16) at the same 
screen position until any key is 
pressed. 

The SWITCH-1 program given in 
Listing 2 shows how to read a photo¬ 
transistor switch. The circuit is shown 
in Fig. 3. When light falls on the pho¬ 
totransistor, it conducts a current that 
causes a voltage drop across the 
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1,000-ohm resistor, and the top of the 
resistor (connected to IP1) is at about 
+5 volts. If the light beam is blocked, 
the current drops and the voltage 
across the resistor drops to near 0. 

Figure 4 shows apparatus to mea¬ 
sure the velocity and acceleration of a 
moving body. A flashlight beam falls 
on the phototransistor. A clear plastic 
plate with equally-spaced opaque hor¬ 
izontal stripes is held above the beam 
and dropped. While the beam is clear, 
the first DO...LOOP keeps checking 
until IP1 goes low (x = 0). This means 
the leading edge of the first black 
stripe has blocked the beam and tim¬ 
ing should begin. 

The FOR...NEXT loop counts the 
stripes, 1 to 10 (NWaves = 10). The 
first inner DO...LOOP repeatedly reads 
IP1 until the beam is clear (first stripe 
has passed) and increments counter N 
after each reading. The second inner 
DO...LOOP reads IP1 until the beam is 
blocked (next stripe has arrived) and 
also increments N. Count N is stored 
in the array N(i). 

The final FOR...NEXT loop multi¬ 
plies the 10 N(i) counts by AT 
(0.0001764 second), the time interval 
per reading obtained from a time cali¬ 
bration, to get time in seconds. If the 
time the plate takes to fall from one 
stripe to the next is divided into the 
distance between stripes, you get ve¬ 
locity. A typical plot of these veloci¬ 
ties versus time is shown in Fig. 5. 

The slope of the straight line gives the 
falling plate’s acceleration. 

If the total time to run the FOR i = 1 
TO NWaves...NEXT loop is known, 
and if N = total number of readings, 
AT = (total time)/N. The calibration 
program to measure this total time 
must include exactly the same lines as 
the actual data-acquisition program. 
Different statements require different 
execution times, and even seemingly 
minor differences in program code 
will give an erroneous AT. 

How well you can know AT is the 
main problem. Two ways to find total 
execution time needed by the FOR i = 

1 TO NWaves...NEXT loop are: (1) Use 
the QuickBASIC TIMER function and 
(2) use the 60-Hz calibrator. Both 
methods rely on taking an average. 

For example, suppose you measured 
the total thickness of a stack of 500 
sheets of paper to be 50 mm. Assum¬ 
ing the sheets to be nearly identical in 
thickness, the thickness of a single 


PARTS LISTS 


60-Hz Calibrator (Fig. 1) 

TL092 or equivalent operational amplifier 
1N914 diode 

Resistors—10,000 ohms and 680 ohms, 
both , /4-watt. 10% tolerance trans¬ 
former—120-volt primary, 18-volt 
secondary (Radio Shack Cat. No. 273- 
1515A or similar) 

Dpdt power switch 

1 72-ampere fuse and fuse holder 

9-volt battery and snap connector 

Eight-pin DIP socket 

Chassis-mount phono jack 

Ac conductor line cord 

Circuit board—half of Radio Shack Cat. 

No. 276-159 IC board 
5" X 4" X 3" project box 
Standoffs and machine screws for mount¬ 
ing circuit board, hookup wire, solder, 
etc. 

Interface Box (Fig. 2) 

1 quad phono jack board (Radio Shack 
Cat. No. 274-322A) 

2 octal phono jack boards (Radio Shack 
Cat. No. 274-370) 

R8711-5ND 37-contact cable with double- 
ended female connectors (Digi-Key) 
137M-ND 37-pin male D-shell connector 
(Digi-Key) 

6" X 5" X 4" project box 
Phototransistor Switch (Fig. 3) 

Resistor— 1,000-ohm, 72-watt, 10% tole¬ 
rance resistor 

Phototransistor (Mouser No. 551-PH 104 
and BIC pen shell 
Dpdt power switch 
Chassis-mount phono jack 
AA cells or 9-volt battery 


6-ft. audio cable with phono plug at one 
end stripped conductors at opposite end 
Project box, 3" X 2" X 1 1 / 2 " 

Penlight 

Lever Switch (Fig. 8) 

Snap-switch (Mouser No. 101-1003 or 
similar) 6-ft. audio cable with phono plug 
at one end and stripped conductors at 
opposite end 
Traffic Light (Fig. 9) 

2N2222 transistors (2) 

Red and green light-emitting diodes 
Resistors—470 ohms (2) and 2,200 ohms 
(2), all 74-watt, 10% tolerance 
Normally-open pushbutton switch 
Dpdt power switch 
9-volt battery and snap connector 
6-ft. two-conductor cable 
6-ft. audio cable with phono plug at one 
end and stripped conductors at opposite 
end 

21 / 2 " X 3" perforated board 
3" X 2" X 1V 2 " project box 
Standoffs, machine screws, hookup wire, 
solder, etc. 

Magnetic Switch (Fig. 11) 

130-volt, 50-mA magnetic switch (Mouser 
No. 507-AMS-20I or similar). At 
least eight of these can be wired in par¬ 
allel to one 6-ft audio cable equipped 
with a phono plug at one end and 
stripped conductors at the other end. 
Note: The programs described in this article 
and their QuickBASIC versions for these appli¬ 
cations are available on a floppy diskette 
(QuickBASIC isn't required) is available for 
$10 from RC Nicklin, Department of Physics 
and Astronomy, Appalachian State University, 
Boone, NC 28608. 


Freefall: acceleration = 983 cm/s/s 
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Fig. 5. This graph plots velocity-versus-time for falling Plexiglas plate. 
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Listing 3. Two Ways to Measure the T Time Needed to Read PT Switch 


‘TIME-1.BAS RC Nicklin 


12 Nov 1993 


‘ This compares two ways to determine the time DeltaT needed 
‘ by QuickBASIC to read a switch: 

‘ 1) Divide the time difference in two QuickBASIC TIMER 
‘ readings by total number of switch readings (TotalCount). 

‘ 2) Use 60 Hz Calibrator to establish period of 1/60 sec 
‘ per square wave, then divide NWave periods by TotalCount. 

‘ Calibration program must use EXACTLY the same QuickBASIC 
‘ statements as the data acquisition program (SWITCH-1 .BAS). 

‘ SWITCH-1 .BAS monitors light intensity on a phototransistor 
‘ as 10 tape stripes on a transparent Plexiglas plate 
‘ (4x44 cm) interrupt a light beam. 

‘ To get timing right, throw away the first square wave 
‘ reading because it enters that cycle at random, whereas 
‘ in the actual experiment the Plexiglas strip is held 
‘ with a clear part in the beam and the first light 
‘ blockage is always the first tape stripe. That is never 
‘ known with the square wave generator. 

‘ Set up addresses for MetraByte DAS-4/8 cards. 

Status = &H302 ‘ Base address + 2 

MaskIPI = &H10 ‘ 0001 0000 (decimal 16) 


1 Initialize constants 
F = 60! 

NWaves = 10 
N = 0 

DIM N(NWaves) 


‘ calibration frequency 
‘ NWaves*(1/60) = elapsed time 
‘ number of IP1 readings 


CLS 0 

PRINT “Connect 60 Hz Calibrator to IP1 
PRINT “Press SPACEBAR to calibrate.” 
DO: LOOP UNTIL INKEY$ <> 


sheet is 0.10 mm, found with an ordi¬ 
nary ruler. To apply this to timing a 
program, in particular, to find how 
long QB needs to read a switch, count 
many readings and divide the count 
into the total time. 

The QB TIMER function returns the 
number of seconds that have elapsed 
since midnight. In the program TIME- 
1 in Listing 3, I’ve put the statement 
Start = TIMER just before the FOR i = 1 
TO NWaves...NEXT loop and the state¬ 
ment Finish = TIMER just after it. Then 
the FOR...NEXT loop took (Finish - 
Start) seconds. Division by the total 
number of IP1 readings produces ATI, 
which is a first approximation of AT. 
This method is easy, but its resolution 
could be better. The longer the total 
time the better, and if NWaves (num¬ 
ber of beam interruptions or on/off 
switch cycles) were 100 instead of 10, 
this would be a pretty good technique. 
Unfortunately, the actual experiment 
uses NWaves = 10 because there are 10 
black stripes on the plastic plate and 
Listing 2 is specifically tied to the 10. 
This is always the case—the data-ac- 
quisition and the calibration codes 
must agree. With its ±1-second reso¬ 
lution, the TIMER function, gives 
erratic values when NWaves is small. 

The Listing 3 program calibrates 
time for data-acquisition program in 
Listing 2. The FOR i = 1 TO NWaves... 
NEXT loop is identical in both pro¬ 
grams. This TIME-1 program dis¬ 
cards the first (partial) 60-Hz square 
wave so that it can start timing at the 
beginning of the next wave. Ten 
waves give total time as 10/60 sec¬ 
ond. During this time, QB made 945 
readings of IP1. AT is 10/(60 X 945), 
or 0.0001764 second. This is the AT 
used in the SWITCH-1 program. In 
other words, QB can make 5,670 
readings per second, using a 16-MHz 
386 computer. 

The TIME-1 program can also be 
used to compare the QB TIMER func¬ 
tion and 60-Hz calibrator for various 
values of NWaves, which is the num¬ 
ber of switch cycles (or square waves 
counted). Figure 6 summarizes the re¬ 
sults of 10 trials at each value of N- 
Waves, as NWaves varies from 1 to 
100. AT from the 60-Hz calibrator de¬ 
creases smoothly to a limit. For N- 
Waves = 10, AT is within 0.45% of this 
limit. AT from the QB TIMER fluctu¬ 
ates above and below this limit. 

I conclude from the foregoing that 


the QB TIMER will time a program re¬ 
liably to better than 1% if total time 
exceeds several seconds (and is cer¬ 
tainly easy to use). The 60-Hz calibra¬ 
tor is better in all cases, particularly 
so for periods that are less than 1 sec¬ 
ond in duration, reaching its 1% point 
when NWaves is only 4. 

Applications 

What can you do with just a few 
switches and a PC as your timer? In 
addition to the phototransistor switch 
example I’ve already explained. I’ll 
now detail five experiments you can 
try, several of which take advantage 
of the fact that students like to make 
measurements on themselves. Physics 
labs traditionally still use stuff your 
grandfather would recognize—in¬ 
clined planes and pendulums and the 
like. I justify the added complication 


of computers on the grounds that, 
since most students don’t know what 
they’re doing anyway, they might as 
well do it with better equipment. 

• Driver Reaction-Time Apparatus 
(Fig. 7). A program uses IP1 and IP2 
to monitor the normally-open contacts 
on lever switches (Fig. 8) located un¬ 
der the brake and gas pedals. IP3 con¬ 
nects to a simulated traffic light, as 
shown in Fig. 9. In this circuit, when 
SJ is closed, the green LED lights and 
the trigger bit connected to IP3 is +2.5 
volts. Closing pushbutton switch S2 
turns on the red LED and grounds the 
trigger bit. 

In this simulation, the driver ap¬ 
proaches a green light with the gas 
pedal down. Thus, IP2 is low. Out of 
the driver’s line of vision, someone 
presses S2 and changes the light to 
red. This sends low IP3 and the PC 
starts timing. The driver’s total reac- 
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mmam 

1 Read Digital Input 1 (IP1: open = 16, closed = 0) 

‘ Await 2nd low (0 volts) on 60 Hz Calibrator square wave. 
DO 

x = INP(Status) AND MaskIPI 
LOOP UNTIL x = 0 
' Beam is blocked - await clear. 

DO 

x = INP(Status) AND MaskIPI 
LOOP UNTIL x = 16 
* Beam is clear - await blockage. 

DO 

x = INP(Status) AND MaskIPI 
LOOP UNTIL x = 0 

‘ Read 60 Hz square waves at I PI. 

Start = TIMER 

FOR i = 1 TO NWaves 
‘ Beam is blocked - await clear. 

DO 

x = INP(Status) AND MaskIPI 
N = N + 1 

LOOP UNTIL x= 16 
‘ Beam is clear - await blockage. 

DO 

x = INP(Status) AND MaskIPI 
N = N + 1 

LOOP UNTIL x = 0 

N(i) = N 

NEXT 

Finish = TIMER: TotalCount = N 

DeltaT = NWaves / (F * TotalCount) 

DeltaTI = (Finish - Start) / TotalCount 

PRINT “by 60 Hz DeltaT = DeltaT; “ s” 

PRINT “by TIMER DeltaT = DeltaTI; “ s” 

END 




60 Hz Calibrator vs QB TIMER 
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tion time consists of the time he takes 
to release the gas pedal (IP2 goes 
high) plus the time it takes him to hit 
the brake (IP1 goes low). Total time 
typically ranges between 0.35 and 
0.75 second. 

• Air-Track Glider Velocity Apparatus 
(Fig. 10). A glider rides on a cushion 
of air, moving horizontally with al¬ 
most no friction to oppose it. The air 
track is equipped with a sequence of 
four magnetic switches (Fig. 11) con¬ 
nected in parallel. Magnetic switches 
are very reliable. I’ve detected no 
switch bounce, even at rates of 
150,000 readings per second. 

The glider carries two magnets that 
are positioned 12.6 cm apart. As the 
glider moves, the two magnets open 
and close each switch. The PC times 
the switch closings and divides the 
time difference into 12.6 cm to give 
glider velocity at each switch. This 
apparatus makes it possible for stu¬ 
dents to do quantitative experiments 
on velocity, acceleration, momentum, 
frictional drag and conservation of 
energy. 

• Racer Velocity Apparatus (Fig. 12). 
This setup provides a means for mea¬ 
suring a sprinter’s velocity as she 
comes out of the starting blocks. A 
50-meter tape is attached to the rac¬ 
er’s back near her center of gravity. 
Behind each footrest block is a lever 
switch. When the racer leaves the 
blocks, the PC detects an open switch 
and begins timing. The tape is on a 
reel that carries two magnets (inset). 
As the tape spools off, the magnets 
open and close a switch and the PC 
collects times at about 0.25-meter in¬ 
tervals. Dividing this interval by the 
time between switch closings gives 
the runner’s velocity (Fig. 13). Hesi¬ 
tation as the runner moves from one 
foot to the other during the First 15 
meters is evident. 

• Cycle Ergometer Apparatus (Fig. 

14). When the pedals are turned on 
the Monark exercise bike, the large 
flywheel rubs against a friction belt. 
The pendulum mechanism (arrow) 
keeps a constant force on the belt, re¬ 
gardless of how fast or slow the rider 


Fig. 6. The AT measured with 60-Hz 
calibrator quickly settles down to a con¬ 
stant value after reading as few as four 
square waves, whereas the QBTIMER 
function fluctuates even for 100 square 
waves. 
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The Pocket Programmer 


The portable programmer that uses the 
printer port of your PC instead of a 
internal card. The software has 24 
functions and programs Eprom, Flash & 
Ram 27/28(C)XXXX from 16K - 8Meg 
(2k-1Meg X 8) with a 32 pin socket. 
Adapters availble for 874X, 875X 
MCU's, 40-Pin Eproms, Serial Eproms 
and Eprom Emulation to 32K X 8. 


Mac EZ Programmer 

The Only Eprom programmer made for 
Macintosh. The software has 15 
functions including File Editing with a 
32-Pin socket supports Eprom, EEprom 
(27/28(C)XXX ) and Dallas Ram from 
16K-4Mega Bit. Only $299.95 


Intronics, Inc. 

Box 13723 

Edwardsville, KS 66113 

Tel. (913) 422-2094 Fax (913) 441-1623 
Add $4.00 Shipping Add $4.50 COD 
VISA/Master Charge Accepted 


MOVING? 

If you're planning a move 
in the near future, don't 
risk missing an issue of 
Microcomputer Journal 
Please give us 6-8 weeks 
notice if you're planning on 
changing your address. Just 
write in your new address 
below and mail this coupon, 
WITH YOUR SUBSCRIPTION 
MAILING LABEL, to: 

Microcomputer 

Journal 

Subscription Department 
76 North Broadway 
Hicksville, NY 11801 

Name_ 

Address_ 

City_ 

State_Zip_ 



Fig. 7. Lever switches under simulat¬ 
ed gas and brake pedals let PC mea¬ 
sure a driver’s reaction time to chang¬ 
ing traffic light (arrow). 



n.o. 

6' cable 

ipi 

."A 




f 

lever switch 



Fig. 8. Circuit details for connecting IP1 
to normally-open terminal of a lever 
switch. 


pedals. Each half-turn of the pedal 
crank rubs the flywheel against 3.0 
meters of belt. For example, if the 
force is 50 Newtons (about 11 pounds), 
the work done is: 

Force X Distance = 50 Newtons X 3.0 

meters = 150 Joules 

If it takes 0.20 second to do this work, 
the average power during that pedal 
cycle is 

Power = Work/Time = 150 Joules/0.20 

s = 750 Watts 

Two magnets are on the sprocket of 
this Monark exercycle, and a magnet¬ 
ic switch is on the frame (inset). As 
the sprocket is turned, the magnets 
open and close the switch twice per 
revolution, exactly as in the sprint- 
velocity apparatus above. As usual, 
the PC records the switch times. 

When I got involved with this exer¬ 
cycle instrumentation several years 
ago, the Human Performance Labor¬ 
atory on campus was testing athletes 
with it. The instructions to the rider 
were to “Pedal as hard as you possi¬ 
bly can until we tell you to stop.” A 
test supervisor looked at a stopwatch 
and counted pedal-crank revolutions 
in each 5-second interval, to a total of 
70 seconds. An incredibly strenuous 
exercise, even for a good athlete, 
hardly anyone would take it a second 
time. 

By using the PC for timing, we can 



Fig. 9. Circuit details for the simulated traffic light. Note that switch S2 is at the 
end of a 6-foot cable. 
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Fig 10. In this air-track-and-glider arrangement, the glider carries a magnet past 
magnetic switches fixed to a rail. Arrows point to the magnets. 
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Fig. 11. In this circuit, the magnetic 
switch closes as the magnet nears the 
switch and then opens as the magnet 
passes out of range of the switch. 



Fig. 12. Sprint-velocity apparatus uses lever switches under starting blocks so 
that a PC can detect when the runner leaves the starting blocks. A reel of mea¬ 
suring tape is connected to the runner’s belt and rotates two magnets on reel past 
a magnetic switch (inset). 



Fig. 13. This graph plots the fluctuations as a runner shifts weight from one foot to 
the other in velocity-versus-time format. 



Fig. 14. Monark exercise cycle. Arrow 
points to pendulum on this Monark 
exercise cycle, which keeps a constant 
force on afriction belt regardless of how 
fast the rider pedals, making it possi¬ 
ble to measure anaerobic work done 
and power output accurately in only 15 
seconds. Bike sprocket carries two 
magnets past magnetic switch (inset). 


do a better test in 15 seconds or less. 
With the simple instrumentation illus¬ 
trated in Fig. 15 (and a difficult pro¬ 
gram) it’s possible to determine the 
rider’s peak power, average power, 
time to peak and rate of exhaustion. 

• Ultrasonic Ranger Apparatus (Fig. 
16). This experiment uses sound puls¬ 
es to measure a student’s distance 
from the computer. The PC is pro¬ 
grammed to give a real-time graph of 
distance versus time as the student 
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Fig. 16. Polaroid Sonic Ranger rests 
on battery box. PC uses distance 
measurements from Ranger to plot dis¬ 
tance versus time. 


walks toward and away from the PC 
(lead photo). The PC uses OP3 to send 
a pulse and 1P3 to detect its echo. The 
RANGERO program in Listing 4 
shows how to do this. On the DAS- 
4/8 cards, programs read from the sta¬ 
tus register and write to the control 
register, and both occupy the same 
address (base address + 2). 

Control register on DAS-4 & 
DAS-8 



Fig. 15. During anaerobic ride on Monark cycle, power versus time always peaks 
within a few seconds and then declines steadily. 


Bit 

Position Meaning OP3Low 


7 OP4 1 

6 OP3 0 

5 OP2 1 

4 OP1 1 

3 INT 1 

2 X 1 

1 X 1 

0 X 1 


0P3High 

1 

1 

1 

1 

1 

1 

1 


Bit 3 of Control can generate inter¬ 
rupts. To prevent screwing up opera¬ 
tions, RANGERO reads Control and 
stores it as Control Byte. Then Control- 
Byte is ANDed with the masks OP3- 
Low and OP3High to send a pulse. 
This sequence preserves the value in 
Bit 3 of the control register. 

The QB TIMER is adequate for 
finding T for this application because 
the DO...LOOP for reading 1P3 exe¬ 
cutes 600 times, rather than only 10 as 
in the TIME-1 example. 
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By TJ Byers 


Memory Managers Give 
Back Unclaimed User RAM 

A memory manager can put to good use the 
unclaimed and otherwise wasted RAM memory lurking 
in your PC 


H aving computer memory is a 
lot like having money. Both 
are precious resources, and 
you can never have enough of either. 
And, like money, there’s only so much 
memory to go around. When it’s gone, 
it’s gone. Fortunately, a good memory 
manager, just like a good money man¬ 
ager when it comes to finances, can 
stretch your RAM resources so that 
you won’t be caught short. Here’s 
how they work and a look at the lead¬ 
ing products in this area. 

Memory Organization 

The problem we now experience in 
computer memory dates back to 1980, 
when IBM decided to build a personal 
computer. IBM wasn’t the first com¬ 
pany to try building personal comput¬ 
ers, of course. Companies like Atari 
and Commodore preceded IBM in 
this arena and were seasoned players 
at the time of IBM’s entry. However, 
since IBM had the clout, carried over 
from its mainframe-computer fame, 
and the money to capture the market¬ 
place, it set the rules that remain in 
effect to this day. 

Originally, IBM decided to give the 
PC a then-humogous 1M of user 
RAM (compared to the 64K typical of 
most competitors in those days), 
which it split down the middle. Allo¬ 
cation was 512K to the software ap¬ 
plications and 512K was reserved for 
computer purposes. However, it soon 
became apparent that 512K for appli¬ 
cations was too small. Software ven¬ 
dors—notably Lotus—complained 
loudly. So IBM grudgingly gave up 
128K of its reserved memory to ex¬ 
pand user RAM to 640K. Let’s look 
at how this memory was and is now 
allocated. 


• Upper Memory . The revised alloca¬ 
tion leaves 384K above the 640K bar¬ 
rier that the PC’s hardware can use 
for itself. This area goes by several 
names, including reserved memory 
and shadow memory, but DOS prefers 
to call it upper memory. Figure 1 and 
Table 1 show the structure of upper 
memory. 

• Video Graphics Area. The first 128K 
is reserved for the video display. 
Starting at exactly 640K (hex A000) 
is a 64K area used for EGA (En¬ 
hanced Graphics Adapter) or VGA 
(Video Graphics Array) graphics dis¬ 
play. Actually, most video cards sup¬ 
port more than 64K of video memory 
built into the card itself, which is typi¬ 
cally 1M for a VGA video controller. 

However, the graphics card doesn’t 
present all of its memory to the CPU 
all at once. There simply isn’t enough 
room. Instead, it bank switches differ¬ 
ent pieces of its memory into this 64K 
area, as needed. Since the video card 
has its own on-board controller that 
can see all of the video memory at 
once, it uses bank switching only 
when the CPU upgrades or changes 
the image. Consequently, you can dis¬ 
play higher screen resolutions than is 
possible using RAM. 

• Text-Characters Area. Just beyond 
the video graphics area, starting at ad¬ 


dress 736K (hex B000), is 64K re¬ 
served for text information. This area 
is split in half, with the first 32K allo¬ 
cated to monochrome text and the lat¬ 
ter 32K reserved for color text. The 
reason for the split is because it’s pos¬ 
sible to have both types of monitors 
running at the same time. Therefore, 
the memory for each of these cards 
has to be kept separate from the other. 

Each character on the screen takes 
one byte of memory. Additionally, 
each character can be a different color 
and have a unique background color. 
These attributes are kept in a separate 
byte that’s used to determine the color 
setup for each character. Four bits are 
used for the character’s color, three 
bits are used for the background and 
one bit determines whether or not the 
character blinks, for a total of eight 
bits, or one byte. 

Most text screens have 25 lines 
consisting of 80 characters per line. 
This accounts for 2,000 bytes of mem¬ 
ory. Doubling this figure for the attri¬ 
butes brings the total to 4,000 bytes. 
Even when a screen is using more 
lines (a VGA can display 50 lines in 
character mode), it’s apparent that a 
lot of the text memory area goes unused. 

Actually, the rest of the 32K is re¬ 
served for storing other text screens. 
By saving extra screens in memory, 


Table 1 . The Reserved Memory Area 


Location Name 

Size 

Hex Address 

Decimal Address 

EGA/VGA Graphics 

64K 

A000 Thru AFFF 

640K 

Text Memory (Mono) 

32K 

B000 Thru B7FF 

704K 

Text Memory (Color) 

32K 

B800 Thru BFFF 

736K 

Video ROM 

32 K 

C000 Thru C7FF 

768K 

Other Device Area 

96K 

B800 Thru DFFF 

800K 

Reserved BIOS 

64K 

E000 Thru EFFF 

896K 

System BIOS 

64K 

F000 Thru FFFF 

960K 

Total 

384K 
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it’s possible to quickly switch from 
one text page to another. However, 
very few programs use this feature. 

• Video ROM . Like the CPU, the vid¬ 
eo controller requires a BIOS pro¬ 
gram to keep things straight. The pro¬ 
gram, that contains the fonts and vid¬ 
eo program calls is contained in a 
ROM located on the video card. Un¬ 
fortunately, ROM-based programs run 
very slowly. So the next block of up¬ 
per memory is set aside for the video 
BIOS. By coping the video BIOS 
from ROM to faster RAM, the video 
instructions run at faster CPU speed. 
The reserved area starts at 768K (hex 
C000) and consumes 32K of RAM. 

• No-Man’s Land . The next 96K of 
RAM, from 800K (hex C800) to 
896K (hex E000), isn’t assigned to 
any particular device. It’s basically 
used as a catch-all for your hardware 
peripherals to use. Special devices— 
such as network controllers, CD- 
ROMs and sound cards—often make 
use of this memory. 

Generally, it’s first come, first 
served. Which presents a problem 
when two devices attempt to use the 
same address. When this occurs, it be¬ 
comes necessary to change one or the 
other’s hardware address, using on¬ 
board jumpers or configuration soft¬ 
ware. An easy way to determine if the 
problem is a hardware address con¬ 
flict is to run a diagnostic program 
such as the Norton Utilities or DOS’s 
MSD utility. 

• System RIOS . The last 128K of up¬ 
per memory is used by the system 
BIOS. The first 64K (896K decimal, 
hex E000) of this area was originally 
reserved for an unspecified BIOS up¬ 
grade. At first, it was speculated that 
vendors would place applications in a 
ROM that could plug into an extra 
ROM socket on the motherboard and 
boot the application on power up. 

This never really caught on. Vendors 
were afraid to put a device there in 
case IBM came out with a new BIOS 
that would instantly make all PCs that 
used this area incompatible. As it 
turns out, IBM did capture the space 
for its PS/2 video BIOS, which is 64K 
wide, rather than the 32K of PC/AT 
video. But basically it goes wanting. 

The last 64K begins at 960K (hex 
F000) and contains the system BIOS. 
Like video BIOS, system BIOS runs 
faster with system RAM than it does 
in ROM. On genuine IBM PCs, not 


clones and compatibles, a portion of 
the BASIC program code is also 
placed here. 

Conventional Memory 

Virtually all applications—including 
a portion of Windows —load into con¬ 
ventional memory below 640K. The 
amount of memory the program re¬ 
quires varies considerably. Some, 
such as AutoCAD , need it all. Others 
use only a small portion of it. When 
you don’t have enough memory, the 
application simply won’t load. 

Actually, 640K is enough RAM for 
most applications. The problem is that 
device drivers and TSR (terminate- 
and-stay-resident) programs take their 
share of system memory long before 
the application is loaded. For exam¬ 
ple, the first 1.8K is used by DOS for 
interrupts, BIOS data and system 
data. SmartDrive uses 28K, the mouse 
driver uses 17K and each DOS buffer 
consumes 528 bytes (30 buffers 
equals 15K). As you can see, it 
doesn’t take long for the first 640K of 
RAM to disappear. Before you know 
it, the dreaded ‘'Out of memory” mes¬ 
sage is staring you in the face. 

The remedy is to free up more 
memory for application use. One way 
is to remove TSR device drivers. But 
this isn’t practical if you need the util¬ 
ities. A better method is to find un¬ 
used areas of RAM—such as the 
empty spaces in upper memory— 
where the device drivers and TSRs 
can be placed. 

Memory Managers 

If you have a computer with a 286, 
386 or 486 CPU, you may be able to 
free conventional memory by using a 
memory manager to move your TSRs 
into the upper memory area. The un¬ 
used areas of upper memory are 
called upper memory blocks —UMBs, 
for short. 

The memory manager marks the 
UMBs by mapping extended memory 
to the unused addresses in the upper- 
memory area. These addresses are 
then made available to TSR programs, 
such as SmartDrive. The memory 
manager matches the size of the pro¬ 
gram to the size of the UMBs and de¬ 
cides where each program should be 
placed. A good memory manager can 
free up to 224K of extra memory. 

Bear in mind that DOS likes to load 


programs in one contiguous piece. 
And the available UMBs aren’t 
grouped together in one big chunk. 
They’re scattered throughout the up¬ 
per-memory area. Therefore, it’s most 
efficient to load programs that require 
more memory before programs that 
require less memory. If you don’t, 
several small programs can use up a 
big block of memory before a larger 
program is measured for a fit, thus 
preventing the larger file from loading 
into UMB. 

Some memory mangers, such as 
Microsoft’s MemMaker, use a simple 
first-come, first-served approach that 
makes no attempt to optimize the 
loading order. Other memory manag¬ 
ers try to fit the pieces for best UMB 
usage by intelligently ordering their 
loading sequence. Intelligent memory 
managers can actually move the video 
and BIOS areas around in upper mem¬ 
ory to create large blocks of contigu¬ 
ous UMB space. 

If high-resolution graphics aren’t 
required, as is the case with DOS- 
based Lotus 1-2-3 and cl BASE IV, 
most memory managers can open up 
to 96K of additional memory by free¬ 
ing the video memory just beyond 
640K. You gain 64K if you have an 
MDA, Hercules or EGA/VGA (mono¬ 
chrome) adapter and 96K if you have 
a CGA or EGA/VGA (color) adapter. 
Because this memory area is located 
just above the 640K limit, it behaves 
exactly like conventional memory, 
not a UMB. 

DOS applications aren’t limited to 
640K of RAM. It’s the PC that is. By 
opening up this section of contiguous 
memory, any DOS program can use it 
just like it would memory between 0 
and 640K, but now the limit is a hefty 
736K. Be aware that this area must be 
reclaimed before you can run graphics. 

The following is a look at the mem¬ 
ory managers on the market today and 
how each works. This survey includes 
386Max Version 7, IBM PC-DOS 
6. l’s RAM Boost, Memory Command¬ 
er 4.07, Microsoft MS-DOS 6.x’s 
MemMaker, NETROOM 3, Novell 
DOS MemMax 7.0, QEMM-3S6 Ver¬ 
sion 7. While each works differently, 
they all have several things in common. 

An example of commonality is that 
all of the products reviewed here are 
surprisingly close to each other in 
price. List prices vary by less than a 
dollar and range from $99 to $99.99. 
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Fig. 1- Unlike most memory managers, whose menus are strictly text oriented, 
386Max adds a small element of graphics to its screens. 


However, street prices vary consider¬ 
ably, with QEMM-386 selling for as 
little as $59. The memory managers 
bundled with MS-DOS, IBM PC- 
DOS and DR DOS are included with 
the DOS and can be considered “free” 
utilitities. Unfortunately, since you 
usually get what you pay for, they 
aren’t as powerful as their commer¬ 
cial counterparts. 

All the memory managers tested 
come with an installation program 
that automatically installs and sets up 
each product. Some memory manag¬ 
ers do a very thorough job of organiz¬ 
ing files and UMB space for maxi¬ 
mum efficiency. Others aren’t so am¬ 
bitious, leaving you to do the detail 
work for them. All have a menu-driv¬ 
en custom setup program that lets you 
fine-tune the memory environment. 

Once installed and configured, 
these memory managers transparently 
do their jobs with no further user in¬ 
put—unless you make changes to 
your system or software. Here’s how 
they look individually. 

386MAX Version 7 
The 386MAX package from Qualitas 
(Fig. 1) runs on most 386, 386SX and 
486 PCs with 256K or more of ex¬ 
tended memory. This application in¬ 
cludes a sophisticated program that 
automates the installation and config¬ 
uration process. The first part of the 
process is a menu-driven question¬ 
naire, where you’re asked questions 


about your system. Interactive on-line 
help is available during the installation. 

The next step of 386MAX setup is 
done using the Maximize utility that 
can be activated from the installation 
menu. First, Maximize examines your 
CONFIG.SYS, AUTOEXEC.BAT and 
other batch files to locate device driv¬ 
ers and TSR programs. When Maxi¬ 
mize finds TSR software, it deter¬ 
mines how much memory the soft¬ 
ware requires. 

Some programs take a larger amount 
of RAM when they’re launched than 
they do once they’re underway. For 
example, DOS’s FASTOPEN has an 
initialization size of about 68K, which 
reduces to just 3K when it becomes 
resident. To get the most from the 
UMBs, Maximize measures a pro¬ 
gram’s memory needs during both 
phases of its execution and stores the 
information in a data file. 

In addition to the above, Maximize 
can determine the best order in which 
to load device drivers and TSRs, since 
one loading order may use memory 
more efficiently than another. It does 
this by trying every combination and 
testing it for maximum efficiency. For 
example, suppose there are five resi¬ 
dent programs and two areas of 
UMBs. Maximize will run through 
3,840 loading combinations before 
deciding on the best one. After choos¬ 
ing the best configuration. Maximize 
modifies the startup files with the new 
loading order and settings. ExtraDOS 


is a 386MAX utility that can load 
FILES, BUFFERS, FCBS, LASTDRIVE, 
STACKS, and COMMAND.COM into 
the high memory area or the HMA, 
which is the first 64K beyond 1,024K, 
for even more conventional memory. 

If you don’t need high-resolution 
graphics, Maximize can expand the 
conventional memory area up to 
736K by freeing the video memory 
space when using a CGA, EGA or 
VGA color monitor. Maximize can 
also relocate the VGA video BIOS to 
create a large contiguous UMB region 
for device drivers and TSRs. Both op¬ 
tions can be added, using the text edi¬ 
tor included in the 386MAX User In¬ 
terface menus. When the configura¬ 
tion and setup process is complete, 
your CONFIG.SYS, AUTOEXEC.BAT 
and related batch files are modified. 

If you have a 286 PC that uses the 
NEAT, AT/386 or LEAP CHIPset 
from Chips & Technologies, 386MAX 
has a memory manager for it. These 
CHIPsets have 384K of RAM (called 
shadow RAM) that parallels the moth¬ 
erboard’s upper-memory area. 386- 
MAX determines which areas of upper 
memory aren’t in use and then auto¬ 
matically enables the shadow RAM at 
these addresses. 

Memory Commander 4.07 
When it comes to expanding the 640K 
envelope, nobody does it better than 
Memory Commander from V Com¬ 
munications (Fig. 2). Under ideal con¬ 
ditions, contiguous conventional RAM 
can be expanded to 800K for running 
VGA graphics and to a whooping 
920K for running VGA text applica¬ 
tions. Memory Commander works 
with all 386 and 486 PCs that have at 
least 512K of extended memory. 

Memory Commander works on a 
unique memory-management tech¬ 
nique that permits devices in upper 
memory to float. As the need for con¬ 
tiguous conventional RAM increases. 
Memory Commander pushes such de¬ 
vices as video display memory, BIOS 
ROMs and hard-disk ROM up to 1M 
as far as possible (see Fig. 2). For ex¬ 
ample, you can raise the conventional 
RAM limit to 780K by simply mov¬ 
ing the video buffer and video BIOS 
from 640K (A000) into the vast UMB 
wasteland below 896K. Additional 
memory can be gained by reducing 
the memory requirements of the video 
programs. 
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Ill Memory Commander ||| 


__ s/n H783927 

Copyright 1998-1993 U Communications Inc. U1.07 


Memory Mode Selection, use tl to select: 
■» A - 610KB, Standard configuration 

B 736KB, No hi-res color graphics 

C 610KB, Screen memory moved 

D 736KB, Screen moved, no graphics 

E 760KB, Screen moved, 1 text page 

Options: 

Installation and configuration 
Quit control panel 
Program test 

Run program in current mode 
Manage applications 
High & low memory status display 
XMS & EMS memory status display 



hHDKE 


Memory 
ftvailable 
LOU 559K 
HI 3.8K 
EMS 1720K 
XMS 1720K 


61KB 

61KB 

96KB 

8KB 

21KB 

128KB 


h ndded by Memory Commander 


Uideo buffer at B800 


System BIOS 
h EMS Memory 

m High Memory 

Unknown j 
Uideo BIOS 

Display Memory 


Low DOS Memory 



? for help 


Fig. 2. Memory Commander has five memory modes in which DOS applica¬ 
tions can run. The standard mode is shown above. 


Memory Commander has five mem¬ 
ory modes in which DOS applications 
can run. Each mode performs progres¬ 
sively more-aggressive memory re¬ 
mapping to give you more contiguous 
conventional RAM. The actual amount 
of low memory available in each 
mode depends on the components of 
your system. If you permit Memory 
Commander to automatically load and 
optimize your device drivers and TSRs 
into upper memory, you’ll likely see 
less conventional RAM available. 

With Memory Commander , the best 
memory mode for one application 
may not be the optimum memory 
mode for another. Instead of making 
changes to your CONFIG.SYS and 
AUTOEXEC.BAT files. Memory 
Commander has an application data¬ 
base that automatically keeps track of 
the memory mode and setup parame¬ 
ters that are right for each of your ap¬ 
plications. To get you started, the 
database comes with settings for some 
popular applications. Programs can be 
added and deleted and the parameters 
modified using Memory Command¬ 
er s menu-driven Control Panel. 

Once installed, Memory Command¬ 
er runs in the background, maintain¬ 
ing a watch on your memory re¬ 
sources and needs. When a program is 
started, Memory Commander checks 
the database for the correct configura¬ 
tion and makes whatever changes are 
necessary on the fly. You don’t have 
to re-boot your system for the changes 
to take effect, as you do with other 
memory managers. 

Microsoft MemMaker 
(Part of MS-DOS 6.x) 

MemMaker is the Microsoft memory 
manager that ships with DOS 6.0 and 
6.2. It works with most PCs that have 
a 386 or 486 CPU and extended mem¬ 
ory beyond 1M. Like most Microsoft 
products, MemMaker has two setup 
procedures: Express and Custom. As 
the name implies. Express requires 
almost no user intervention to install. 
MemMaker is specifically written for 
MS-DOS 6.x, and the default choices 
in the Express setup can generally 
optimize your system’s memory. 

In some systems, MemMaker can 
gain more conventional memory if 
you choose the menu-driven Custom 
setup option. Custom setup walks you 
through a list of menus that let you 
configure the setup to free additional 


memory (Fig. 3). For example, if you 
have an EGA or VGA monitor, you 
can free the 64K of upper memory in 
the 736K to 768K range (hex B000 to 
BFFF) set aside for monochrome and 
color text. You can also disable ex¬ 
panded memory, if installed, to free 
another 64K of UMBs in the 896K to 
960K area (hex E000 to EFFF). 

To install MemMaker you have to 
re-boot your PC. As each device driv¬ 


er and TSR program starts, MemMak¬ 
er determines the program’s memory 
requirements by monitoring how it al¬ 
locates memory. In the process, Mem¬ 
Maker may consider thousands of 
possible memory configurations be¬ 
fore selecting the most-efficient one. 
When the calculations are complete, 
MemMaker makes the necessary 
changes to your CONFIG.SYS and 
AUTOEXEC.BAT files. 


How The DOSes Compare 


Since every DOS comes with its own 
memory manager, you’re probably won¬ 
dering how they compare to each other. Is 
one DOS’s memory manager better than 
another? Here’s what we discovered. 

The easiest to install are IBM PC-DOS 
6.1’s RAMBoost and Microsoft’s MS- 
DOS 6.x’s MemMaker. Novell DOS is 
fairly difficult to install because the de¬ 
faults don’t work with Windows and 
graphics applications. Consequently, you 
have to make editing changes before you 
can use it. This is really a shame because 
Novell DOS has the worst editor of the lot 
and requires a fair amount of manual file 
editing. When it came to editing, MS- 
DOS’s MemMaker has them beat, hands 
down. The options are few and easily un¬ 
derstood. PC-DOS’s RAMBoost’s editor 
is powerful and easy enough to use, but 
you’ll need the aid of the information giv¬ 
en in Table 1 in the main article to assure 
success. 

Thanks to an intelligent algorithm, 
RAMBoost does the best job of increas¬ 
ing the size of conventional memory 
space for Windows and graphics applica¬ 


tions. Novell DOS and MemMaker are 
nearly tied at about 100K behind 
RAMBoost. When gaining ground for 
such text-based applications as dBASE /V, 
Novell DOS and RAMBoost are virtually 
neck and neck. MemMaker runs far 
behind the pack because it’s editor 
doesn't have the options you have with 
the other two. 

MemMaker and RAMBoost are very 
well-behaved memory managers. With 
the exception of not being able to run 
graphics applications when upper memo¬ 
ry video is reassigned, all software runs 
flawlessly. Novell DOS, on the other 
hand, is constantly at odds with software 
applications. We got memory address 
conflicts more than once during our test¬ 
ing, conflicts that can be cured only by 
manually editing the configuration files 
one more time. 

Of course, the commercial packages 
can open up more room, and they come 
bundled with other goodies. But they 
can’t beat the price of the DOS utilities. 

In some cases, the few kilobytes gained 
may not be worth the effort it takes. 
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Fig. 3. DOS 6.x’s MemMaker program is among the easiest to install, but the 
custom configuration options are limited. 


Customize v3.0 


Set aside upper memory for EMS page frame? No 

Create upper memory in the monochrome region (B000-B7FF)? Yes 

Utilize Uideo BIOS CLOAKING? Yes 

Utilize System BIOS CLOAKING? Yes 

Utilize the BIOS area as upper memory? Yes 

Specify which drivers and TSRs to include during optimization? No 
Optimize upper memory for use with Windows? No 

Relocate FILES to upper memory? Yes 

Shadow the BIOS? Yes 

Test the system RAM in protected mode? Yes 

Uirtualize the interrupt controller? Yes 

Uirtualize the keyboard controller? Yes 

Buffer disk I/O locally? No 

Move the Extended BIOS Data Area to upper memory? Yes 

Check for a PS/2 system? Yes 


To move to a different option, press the UP ARROW or DOWN ARROW key. 
To accept all the settings and continue, press F10. 

F10=Accept All SPACEBAR=Change Selection Fl=Help F3=Exit _ 

Fig. 4. Using Netroom 3 s configuration program is a simple matter of choosing 
yes or no from the above menu. 


MemMaker is the least-sophisticat¬ 
ed of the memory managers. Although 
MemMaker fits your device drivers 
and memory-resident programs as ef¬ 
ficiently as possible in the available 
UMB slots, it doesn’t change the or¬ 
der in which these drivers and pro¬ 
grams appear in the CONFIG.SYS and 
AUTOEXEC.BAT files. To make better 
use of UMB, you have to manually 
arrange the files by size, using a text 
editor before you run MemMaker. 

Also, MemMaker doesn’t test for 
errors. After installation, MemMaker 
displays a screen that prompts you to 
specify whether your system appears 
to be working properly. If not, you 


have to run the Undo command and 
try again using Custom setup. 

Netroom 3 

Netroom 3, from Helix Software (Fig. 
4), is a unique memory manager that 
permits programs to run in 32-bit pro¬ 
tected mode, yet still remain DOS- 
compatible. Based on revolutionary 
“Cloaking” technology, Netroom can 
free up to 240K of upper memory 
without the performance hit experi¬ 
enced with older 386 memory manag¬ 
ers. The program is compatible with 
all Intel CPUs, including 8088/8086, 
286, 386, 486 and Pentium, with 1M 
of system RAM plus EMS or extend¬ 


ed memory beyond 1M. 

Netroom is a mixture of several 
memory-saving technologies. Con¬ 
servative mode is the least-robust and 
compares favorably with Microsoft’s 
MemMaker. It simply examines upper 
memory for free UMBs and fits de¬ 
vice drivers and TSRs into the open 
spaces as best it can. And like Mem¬ 
Maker, it makes no attempt to organ¬ 
ize the loading order of the programs 
for maximum efficiency. You have to 
do this manually. 

Unlike MemMaker, Netroom 's 
Conservative mode supports 286 PCs 
that have the Chips & Technologies 
NEAT chipset, plus 8088, 8086 and 
286 PCs that have EMS hardware 
adapters. There’s also a utility that 
lets you relocate BUFFERS, FCBS, 
FILES, LASTDRIVE, STACKS and 
DOS into the HMA beyond 1M. 

The highlight of Netroom , though, 
is its Cloaking technology that pro¬ 
vides the ability to run device drivers, 
TSRs and ROMs in 32-bit protected 
mode (using a 386 or 486 CPU) under 
DOS and Windows 3.1. The Cloaking 
process works by loading a pointer 
code in conventional memory (usually 
less than 1K) and loading the program 
itself in extended memory beyond 
1M. No upper memory is used to sup¬ 
port relocation of the Cloaked pro¬ 
gram, and no file swapping or memo¬ 
ry movement takes place. The pro¬ 
gram actually runs in extended mem¬ 
ory. However, the program must be 
written to be aware of Cloaking so 
that Netroom links to its own memory 
manager. 

The programming process is a sim¬ 
ple matter of inserting an API code at 
the beginning of the application. But 
you need the source code and its relat¬ 
ed compiler, which means it’s highly 
unlikely that you can modify your 
current applications for Cloaking. 

Fortunately, Netroom comes with 
an assortment of Cloaking utilities. 
Among them are a Cloaking system 
BIOS and video BIOS from Award 
Software. If you use these Cloaking 
BIOSes instead of your own, they oc¬ 
cupy just 8K of system RAM instead 
of the typical 96K. The extra 88K be¬ 
comes available as UMBs. To illus¬ 
trate how it works, recall that most 
PCs locate the system BIOS between 
960K and 1M (hex F000 and FFFF). 
Using the Netroom Cloaking system 
BIOS, 60K is freed. A small 4K area 
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Fig. 5 . While QEMM-386 doesn’t automatically reorder file loading, it uses a 
what-if scenario that lets you see what would happen if you arranged them by 
yourself. 


at 1,020K (hex FFOO) contains tables 
and BIOS information required by 
DOS programs. The remainder of the 
BIOS is located and running in ex¬ 
tended memory beyond 1M. 

Another advantage of using the 
Netroom BIOSes is that, unlike a 
ROM chip, they’re easily updated via 
new software. This is like getting a 
free BIOS upgrade for your PC. How¬ 
ever, the current version of Netroom" s 
video BIOS doesn’t fully support 
super-VGA graphics. At high resolu¬ 
tions, screen colors are often limited 
to just 16 instead of the 256 or better 
you get with your video adapter’s 
BIOS. Other bundled Cloaking soft¬ 
ware includes virus protection, a 
screen-saver utility, a disk cache, a 
RAM drive and a screen accelerator, 
to mention a few. 

Like most memory managers. Net- 
room has an advanced-setup program 
that lets you customize your RAM. It 
can provide up to 736K of contiguous 


System Memory Defined 


Conventional Memory starts at OK and 
normally ends at 640K. This area also 
goes by the names of base memory and 
low memory and is where most DOS pro¬ 
grams run. 

Upper Memory starts at the end of con¬ 
ventional memory—traditionally 640K— 
and ends at 1.024K (1M). Normally, this 
area is reserved for use by the system 
and video ROM, video data and hardware 
adapter cards, such as network adapters 
and sound cards. However, much of this 
space remains unclaimed and, thus, can 
be used to store device drivers and TSRs, 
using a memory manager. 

Extended Memory is the memory ad¬ 
dresses beyond 1.024K (1M). It’s used by 
programs operating in protected mode, 
such as Windows, and can extend to 64M 
and beyond in 386 and 486 systems (286 
extended memory is limited to 16M). 

High-Memory Area (HMA) is the first 
64K of extended memory. Some pro¬ 
grams, most notably DOS, can use this 
area in which to store a portion of their 
code to free up conventional memory. 

Expanded Memory (EMS) is memory 
beyond the first megabyte of RAM mem¬ 
ory. Before the advent of the 386 CPU, 
this was the only way to use memory 
beyond 1,024K. Access to this memory 
requires an expanded-memory manager, 
such as QEMM EMS access is done 
through a 64K window that’s located in 
upper memory. 


conventional memory by remapping 
the video graphics and text upper 
memory area. 


QEMM-386 Version 7 
The most-celebrated memory manag¬ 
er is Quarterdeck’s QEMM-386 (Fig. 
5). This program has been around for 
nearly a decade and is now in its sev¬ 
enth iteration. It works with any 386-, 
486- and Pentium-based PC that has 
256K or more of extended RAM. 

QEMM-386 is a little bit more-dif¬ 
ficult to install than are most memory 
managers, but it’s not an overwhelm¬ 
ing chore. Installation and setup are 
divided into three steps, with a sepa¬ 
rate program used for each. The first 
program simply loads the QEMM 
software on your hard disk and read¬ 
ies your system for the second step, 
which is actual optimization, using an 
Optimize utility. 

Optimize analyzes your system to 
determine the most-efficient way to 
use your PC’s upper memory area. 
Since some device drivers and TSRs 
use more memory to initialize than 
they do once they’re in memory. Op¬ 
timize notes the differences. 

If an item needs a larger amount of 
memory to initialize than is available 
in a contiguous chunk. Optimize may 
use a Squeeze feature that temporarily 
maps over a ROM, adapter RAM, ex¬ 
cluded area or EMS page frame to 
make a large enough contiguous area. 
After the program is initialized, origi¬ 


nal memory mapping is restored. 

Optimize then determines the most- 
efficient use of the UMBs by testing 
all possible program locations. During 
Optimize’s setup and analysis phase, 
you have the option of accessing the 
utility’s advanced features, which in¬ 
clude a what-if option that lets you 
manually reorganize the loading order 
of the resident program. You can’t ac¬ 
tually put the changes into effect at 
this point, but you can quickly test 
different possibilities to determine if 
changing the loading order makes a 
difference. 

If all device drivers, TSRs and se¬ 
lected parts of DOS won’t fit into the 
UMBs, Optimize offers to test your 
system for Stealth compatibility. 
Stealth ROM creates additional map- 
pable areas at the addresses used by 
your PC’s BIOS ROM, video ROM 
and disk ROM (network and certain 
controller ROMs my be included as 
well). 

Because of differences in the man¬ 
ner in which system hardware and 
software deal with ROMs, Stealth 
ROM can be implemented using one 
of two methods: the mapping method 
and the frame method. Both methods 
monitor the interrupts pointing to 
these ROMs, and both require EMS 
memory. 

Stealth ROM mapping works by 
moving the ROM’s contents to ex¬ 
tended memory above 1M. When the 
system needs the ROM by issuing an 
interrupt, QEMM copies the appropri- 
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ate ROM code into the 64K EMS 
page frame that gives the ROM code 
a valid real-mode address at which it 
can execute. When the ROM routine 
completes, QEMM removes the ROM 
code from upper memory. 

Stealth ROM framing leaves the 
ROMs in their original upper memory 
location. QEMM then places the EMS 
page frame over the ROM area so that 
it lies on top of the ROM’s address 
space. When the ROM is needed, 
QEMM saves the contents of the cur¬ 
rent page frame and makes the 
ROM’s addresses available. The 
ROM code then executes normally. 
When the ROM routine is finished 
executing, QEMM restores the previ¬ 
ous contents of the page frame. 

With the ROMs out of the way, the 
amount of usable upper memory is 
greatly increased. The mapping meth¬ 
od can add 83K to 115K of extra 
UMBs to the upper-memory area, and 
the frame method provides 48K to 
64K of extra UMBs. However, Stealth 
ROM doesn’t work with all systems 
and software applications, and it does¬ 
n’t have error checking. When a prob¬ 
lem occurs, you have to locate the 
culprit using trial-and-error methods. 

Like most memory managers, 
QEMM can free up the video graphics 
and text areas to extend contiguous 
conventional memory up to 736K. It 
can also relocate BUFFERS, FCBS, 
FILES, LASTDRIVE, STACKS and 
COMMAND.COM to the HMA that 
lies beyond 1M. 


IBM RAMBoost 

(Part of PC-DOS 6.1) 

Of the memory managers that come 
bundled with DOS, PC-DOS’s RAM¬ 
Boost (Fig. 6) opens up the most con¬ 
ventional memory space for Windows 
and graphics applications. PC-DOS is 
IBM’s answer to MS-DOS 6.0. After 
listening to MS-DOS 6.0 users, IBM 
fine-tuned the utilities and marketed 
them as DOS 6.1. 

IBM’s RAMBoost memory manag¬ 
er is licensed from Central Point, the 
makers of PC Tools. RAMBoost is an 
easily installed program. It has a learn 
mode that searches your CONFIG.SYS 
and AUTOEXEC.BAT files for device 
drivers and TSRs. While you sit and 
stare, it does an excellent job of fitting 
your device drivers and TSRs into up¬ 
per memory. In fact, when it finished 
with our benchmark, just 6K of 
UMBs were left unclaimed. 

While IBM’s RAMBoost program 
can’t shuffle the contents of the upper 
memory area, you can do it manually 
in 4K chunks, using the table shown 
in Fig. 6. For example, marking the 
first eight blocks of the second line 
(BxOO) as unused gains you 32K. How¬ 
ever, unless you know upper memory 
by heart, you’ll need the road map 
contained in Table 1 to find your way 
around. 

Like all memory managers that come 
bundled with DOS, RAMBoost makes 
no attempt to optimize the loading 
order of the files. You have to do this 
manually. And while extended memo- 



Fig. 6. While IBM’s RAMBoost program can’t shuffle the contents of the upper 
memory area, you can do it manually using the table above. 
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ry isn’t required, RAMBoost will 
locate DOS in HMA if it’s available. 

Novell DOS 7.0 

Formerly known as DR DOS, Novell 
DOS is marketed as an enhanced al¬ 
ternative to MS-DOS. Until MS-DOS 
6.0 came along, Novell’s memory 
manager (Fig. 7) was the only alterna¬ 
tive to such commercial products as 
QEMM-386. It supports most 286-, 
386- and 486-based PCs, and it 
doesn’t need extended memory to en¬ 
hance conventional memory space. 

If your computer has extended 
memory, you can make more conven¬ 
tional memory available by running 
the DOS software in HMA. Extended 
memory can also be used for expanded 
memory using the EMM386 utility. 

When Novell DOS is first installed, 
it makes no attempt at optimizing 
memory usage. You have to do this 
by running Setup and manually edit¬ 
ing your CONFIG.SYS and AUTOEX¬ 
EC.BAT files. 



Fig. 7. Novell’s Setup program has an Advanced Options screen that lets you 
specify particular memory areas from which to copy ROM to RAM. 


Table 2. Memory-Management Utilities Comparison Chart 



Standard Features 

386MA 

X7.0 

Memory 

Commander 

4.07 

NETROOM 

3 

QEMM- 
386 7.03 

RAMBoost 

MemMaker 

Novell 

DOS7 

List Price 

$99.95 

$99.95 

$99 

$99.95 

$189 

$77.90 

$99 

On-Line Help 

Y 

Y 

Y 

N 

Y 

Y 

Y 

Undo 

N 

Y 

Y 

N 

N 

Y 

N 

Supports 80286 PCs 

N 

N 

Y 

N 

N 

N 

Y 

Crash-Proof Installation 

N 

Y 

Y 

N 

N 

Y 

N 

Backfill UMBs to Reach 640K 

Y 

Y 

N 

N 

N 

N 

N 

Memory-Management Features 

Conventional Memory Free 

425K 

425K 

425K 

425K 

425K 

425K 

425K 

Start 

628K 

679K 

620K 

634K 

584K 

445K 

499K 

After Automatic Setup 

628K 

679K 

620K 

634K 

605K 

491K 

61 IK 

Text-Based Applications 

628K 

679K 

619K 

630K 

584K 

481K 

499K 

Conventional Memory Gain 

203K 

254K 

195K 

209K 

180K 

66K 

186K 

Contiguous RAM Beyond 640K 

Y 

Y 

Y 

Y 

N 

N 

Y 

Automatic Load Ordering 

Y 

Y 

Y 

N 

N 

N 

N 

Loads Drivers/TSRs in Upper Memory 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Loads Drivers/TSRs in HMA 

Y 

Y 

Y 

Y 

N 

N 

N 

Loads Drivers/TSRs in Expanded Memory 

N 

Y 

Y 

Y 

N 

N 

N 

BIOS Compression 

N 

Y 

Y 

N 

N 

N 

N 

Unused BIOS Automatic Detect 

Y 

Y 

Y 

N 

N 

N 

N 

Included Utilities 

Text Editor 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Disk Cache 

Y 

N 

Y 

N 

Y 

Y 

Y 

RAM Disk 

Y 

N 

Y 

N 

Y 

Y 

Y 

ANSI Driver 

N 

Y 

N 

N 

Y 

Y 

Y 

Virus Protection 

Y 

N 

Y 

N 

Y 

Y 

Y 

Screen Saver 

Y 

N 

Y 

N 

Y 

Y 

Y 

Windows Utilities 

Y 

N 

Y 

N 

Y 

Y 

N 

Comprehensive System Analysis 

Y 

Y 

N 

Y 

N 

Y 

N 

‘Included with IBM’s PC-DOS 6.2 at no extra charge. List Price is for entire DOS package. 
“Included with Microsoft’s MS-DOS 6.x at no extra charge. List Price is for entire DOS package. 
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QEMM-386 

QuarterDeck Office Systems, Inc. 
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Santa Monica, CA 90405 
Tel.: 310-392-9851 

CIRCLE NO. 141 ON FREE INFORMATION CARD 

Memory Commander 
V Communications, Inc. 

4320 Stevens Creek Blvd. #275 
San Jose, CA 95129 
Tel.: 408-296-4224 

CIRCLE NO. 142 ON FREE INFORMATION CARD 


Actually, Novell doesn’t have one 
encompassing memory manager, like 
DOS’s MemMaker. Rather, it’s com¬ 
posed of elements from several com¬ 
mands. The Setup utility provides a 
quick and easy way of changing the 
system configuration any time after it 
has been installed. For example, the 
memory manager can automatically 
copy data from slow ROM to faster 
RAM. The ROM-copy option can be 
specified via the Setup utility. To 
avoid conflict, the default setting en¬ 
sures that the RAM and copied ROM 
have the same address. If you want to 
specify particular memory areas from 
which to copy ROM, Setup has an Ad¬ 


vanced Options Screen (see Fig. 7). 

For some advanced configuration 
changes, you may need to edit the 
configuration files directly, using the 
DOS EDIT utility or some other text 
editor. Using a MemoryMax utility to 
free the video graphics portion of up¬ 
per memory for use as contiguous 
conventional memory beyond 640K is 
an example. 

Summing Up 

As you can see, memory managers— 
whether they’re included “free” with 
the DOS you buy or are purchased as 
after-market utilitities—do, indeed, 
return precious unused low RAM 
memory for use by your programs. 
The one you use depends a lot on how 
much memory you want returned to 
you and how much effort you wish to 
invest. Refer to the Comparison Chart 
given in Table 2 for capsule sum¬ 
maries of what each product men¬ 
tioned in this review offers and how 
each stacks up against the others. The 
bottom line, of course, is that all 
seven of the products mentioned are 
definite assets you should consider in 
your everyday computing. ■ 
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By Hardin Brothers 


Tuning Up Your Computer 

Tips for getting your PC to deliver its maximum speed 
under DOS and Windows 


r have a friend who told me that her 
50-MHz 486 computer seemed to 
be operating slow, at least by 
comparison to the 25-MHz 386 ma¬ 
chine on the next desk. Before I even 
looked at the two computers, I knew 
that her computer needed a tune-up. 
Unless her 486 was suffering from 
some obscure hardware problem, it 
was simply set up incorrectly and was 
bogging itself down. 

You wouldn't drive a car with bad 
timing, incorrect fuel mixture in the 
carburetor and sticking choke. But 
many users let their computers suffer 
similar problems. Only when they 
notice how easily other computers 
pass them by in terms of operaing 
speed do they think of taking some 
action. But it’s sometimes difficult to 
know where to start. 

Most of the computers I see are 
running at less-than-peak efficiency 
and can benefit from a tune-up. DOS 
and Windows are both complex sys¬ 
tems of software with thousands of 
options. If you make a few errors in 
your configuration files, your comput¬ 
er will run more slowly that it should. 

There are literally hundreds of ways 
to fine-tune your computer. Some are 
specific to particular hardware or un¬ 
usual interactions between software. 
When I tune up a computer, however, 

I always start with the same general 
techniques and work from there. The 
suggestions I present in this article 
boosted my friend’s computer perfor¬ 
mance to its intended and anticipated 
speed. They can probably improve the 
performance of your computer as well 
if you give them a try. 

Speedy Search Files 

The first thing 1 look at on any com¬ 
puter is its AUTOEXEC.BAT file. If 
the computer runs Windows , I make 
sure that SHARE is installed in this 
file to protect the file system in case 


two DOS or Windows programs at¬ 
tempt to update the same file simulta¬ 
neously. Microsoft strongly recom¬ 
mends that share be used on Windows 
systems, but most users ignore this 
suggestion. 

Next, I look at the PATH setting. 
Nearly every DOS and Windows pro¬ 
gram I’ve installed on a computer 
wants to make a change to the AUTO¬ 
EXEC.BAT file. Normally, the pro¬ 
gram wants to add its own subdirecto¬ 
ry to the PATH statement. Rarely, it 
wants to make other changes as well. 

These programs are only trying to 
make themselves easier for novices to 
use. But the result of their “kindness” 
is a slower, less-efficient computer. 

To understand why this is so, consider 
what happens if you type DUR instead 
of DIR at the DOS prompt. All of your 
commands are interpreted by a pro¬ 
gram called COMMAND.COM, which 
first looks at its internal list of com¬ 
mands that include such things as 
DIR, COPY and DEL. If the command 
you type at the keyboard isn’t in this 
list, COMMAND.COM looks in every 
directory in the PATH for a .COM, 
.EXE or .BAT file with the appropriate 
name. If the PATH search fails, COM- 
MAND.COM finally displays a “Bad 
command or file name” message on 
your video display monitor’s screen 
and then waits for you to enter a new 
command. 

Now assume for the moment that 
you have 10 subdirectories in your 
search path and that there’s an aver¬ 
age of 2,000 files in each directory. 
When you type DUR, COMMAND- 
.COM has to spend the time switching 
from directory to directory and 
searching through 2,000 file names 
looking for DUR.COM, DUR.EXE or 
DUR.BAT. It can report that you’ve 
mis-typed the command name only 
after it fails to find a file with one of 
these names. 

You can considerably speed up 


DOS by shortening the search path to 
two or three crucial directories, and 
you can do so without giving up the 
convenience of a long PATH state¬ 
ment. One way to do so is to include a 
batch file with the name you want to 
use for each program. For example, if 
you have a program called DEF.EXE 
that’s stored in the C:\APPS\ABC 
subdirectory, you can create a file 
called DEF.BAT that changes to the 
correct subdirectory and runs your 
program. Your DEF.BAT program 
might look something like this: 

©echo off 
cd c:\apps\abc 
def.exe 
cd c:\ 

A faster and more-efficient way to 
run your major applications is to use 
the DOSKEY program included with 
DOS Versions 5.0 and 6.x.To create a 
macro equivalent to the above batch 
file, you could use the following com¬ 
mand: 

DOSKEY def+cd c:\apps\abc $T def.exe 

Using a macro is faster than running a 
batch file because the macro is stored 
in memory and doesn’t require disk 
access for each command. 

Once you have all of your major 
applications running from batch files 
or DOSKEY macro commands, save 
them to a file with the command: 

DOSKEY /M > macros.bat 

Then edit the file, adding the com¬ 
mand word DOSKEY before each line. 
Finally, change the PATH statement in 
your AUTOEXEC.BAT file to include 
only three or four essential directories 
like this: 

PATH C:\DOS;C:\BATCH;C:\UTIL; 
C:\WINDOWS 
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Finally, add the command: CALL 
MACROS.BAT to your AUTOEXEC.¬ 
BAT file to load the macro commands 
every time you boot or re-boot your 
computer. 

Just by doing the foreging, you’ve 
eliminated DOS’s need to search per¬ 
haps dozens of directories for each 
application name. More importantly, 
you’ve taken the first giant step toward 
having a more-efficient computer. 

Speed Up Disks 

The weakest link in any computer is 
its disk drives. They’re the least-reli¬ 
able and slowest element of the sys¬ 
tem simply because they depend on 
mechanical operations as well as elec¬ 
trical ones. 

There are a half dozen ways to 
speed up the disk system in your com¬ 
puter. The most common is to run a 
defragmenting utility regularly, possi¬ 
bly as part of your backup regimen. If 
each file on your hard disk is in one 
contiguous piece, instead of being 
spread out all over the disk, each file 
access will be much faster. The DE¬ 
FRAG utility included with DOS 6.x 
works well, as do many commercial 
and shareware defragmenting utilities. 

On computers that are more than 
three or four years old, setting proper 
interleave is crucial. The interleave 
determines how the sectors are ar¬ 
ranged on the disk. If the interleave is 
set correctly, each sector appears un¬ 
der the read head just as the computer 
is ready to read it. If it’s set incorrect¬ 
ly, the computer must wait for the 
sector to appear under the head. In a 
worst-case scenarion, an incorrect in¬ 
terleave can slow data transfers by a 
factor of 16. 

Interleave is normally set during 
low-level formatting of the hard disk. 
In the past, setting the interleave was 
a hit-or-miss proposition. You had to 
save all of the data on the disk, per¬ 
form both low- and high-level formats 
to set a new interleave and then copy 
the data back onto the disk. Then you 
had to experiment to see if the new 
interleave was faster or slower than 
the old value. Modern programs like 
Gibson Research”s SpinRite and Sy¬ 
mantec’s Norton Utilities can now 
calculate the correct interleave and 
change a hard drive’s interleave set¬ 
ting without requiring a low-level for¬ 
mat. If your computer has an IDE or 


SCSI hard-disk controller, you don’t 
need to worry about the interleave set¬ 
ting at all. 

For day-to-day operations, the 
most-significant way to speed up your 
disks is to use a disk cache and to use 
it correctly. SMARTDRV supplied 
with DOS 5 and 6.x and third-party 
commercial disk caches can speed up 
disk operations considerably. The ad¬ 
vantage of SMARTDRV is that it can 
share memory with Windows , shrink¬ 
ing its cache when Windows applica¬ 
tions need more memory. Also, the 
version of SMARTDRV shipped with 
MS-DOS 6.2 can cache data from 
CD-ROM drives, as well as floppy 
and hard disks. Few third-party cach¬ 
ing programs have both of these capa¬ 
bilities, but some are better if you’re 
working on a network or if you want 
every possible bit of speed during 
disk data transfers. 

Disk caches work during disk reads 
by attempting to predict what data 
your computer will need next. They 
also keep data that has already been 
read, in hopes that the computer will 
request it again, and they collect data 
that hasn’t been requested yet in case 
the computer is reading through a file 
sequentially. The first kind of caching 
is most effective for reading disk 
structures like the File Allocation Ta¬ 
ble (FAT) and subdirectories. The 
second is effective whenever you load 
a program, run a batch file or read se¬ 
quentially through a text or data file. 

A disk cache can also speed up the 
process of writing to a disk by keep¬ 
ing the new information in memory 
until the computer is idle. In this way, 
you can get on with your work instead 
of waiting for a moment for the data 
to be sent to the disk. The computer 
seems to be much faster because you 
can get more work done without paus¬ 
ing. The danger of delayed-write 
caching, of course, is that you run the 
risk of losing data if a power failure 
or computer lock-up occurs while 
data is waiting in the cache to be writ¬ 
ten to disk. The worst-case scenario is 
that a file will be written but that the 
updated FAT will still be in the cache 
when your computer goes down. 

SMARTDRV and most other disk 
caches won’t lose data if you re-boot 
your computer by pressing the Ctrl- 
Al-Del key combination when a cache 
write is pending because they can in¬ 
tercept these keystrokes. However, 


Ways to Tune Your 
CONFIG.SYS File 


Before you make changes to your CON¬ 
FIG.SYS file, always make certain to keep 
a copy of your old CONFIG.SYS file and 
create a bootable floppy disk. Here are 
two techniques that should help you im¬ 
prove the performance of your computer. 

( 1 ) Memory Management . If you use MS- 
DOS 5.0 or 6.x memory managers, in¬ 
clude the following lines: 

DEVICE=HIGHMEM.SYS 

On 286 and later computers with more 
than 640K of RAM also include: 

DEVICE=EMM386.EXE 

or 

DEVICE=EMM386.EXE /NOEMS 

on 386 and later computers with more 
than 640K of RAM (other options can 
also help) 

DOS=HIGH 

if you’ve loaded HIMEM.SYS 
DOS=HIGH.UMB 

if you’ve loaded HIMEM.SYS and EMM- 
386.EXE. Change all subsequent 

DEVICE= 

statements to 

DEVICEHIGH= 

Run MEMMAKER to optimize place¬ 
ment of devices 

(2) Other Options. There are also other 
things you can do to boost the perfor¬ 
mance of your computer. Here’s a list of 
some of them: 

(1) Set BUFFERS= low if you install a 
disk cache. 

(2) Omit VERiFY= and BREAK= state¬ 
ments; they don’t do more than just slow 
things down. 

(3) Set LASTDRIVE= high to enable 
use of SUBST. 

(4) Try FCBS=1 to save memory; if 
your computer locks up after some use, 
remove this line to accept the default 
value of 9,128 (nine stacks of 128 bytes 
each) 


they may lose data if you press the 
hardware RESET switch on your PC 
or turn off your computer in the short 
interval while data is held in memory. 
Whether or not you want to take this 
risk is up to you. I appreciate the 
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Ways to Tune Your 
AUTOEXEC.BAT File 


Before you make changes to your AUTO¬ 
EXEC.BAT file, always make certain to 
keep a copy of your old AUTOEXEC.BAT 
file and create a bootable floppy disk. 
You should add your old 
AUTOEXEC.BAT file to the same 
bootable floppy disk on which you have 
your old CONFIG.SYS file. Here are a 
few things in AUTOEXEC.BAT you can 
do to improve the performance of your 
computer. 

(1) Shorten the PATH and put small, 
often-used directories first. Remove all 
directories from your PATH statement 
that contain just one or only executable 
files. 

(2) If you’re using HIMEM.SYS and 
EMM386.SYS, install all memory-resident 
programs with the LOADHIGH or LH 
command. Then run MEMMAKER to 
optimize usage of high memory. 

(3) Set TEMP= to a directory on your 
fastest drive, preferably a RAM drive. If 
you use small batch files to avoid a long 
PATH statement, put them on the RAM 
drive as well, along with COMMAND- 
.COM. 

(4) Avoid using the “dangerous” DOS 
utilities: APPEND and ASSIGN. FAST- 
OPEN is dangerous if you use DEFRAG 
and is almost useless if you use SMART- 
DRV or DBLSPACE or similar programs. 

(5) Use DOSKEY macros instead of 
batch files when possible. 

(6) DOS utilities rarely worth the 
memory they use include: GRAFTABL- 
.COM, GRAPHICS.COM, MIRROR.COM, 
MSHERC.COM, PRINT.EXE and 
VSAFE.EXE. 


speed of write caching and have sim¬ 
ply learned not to turn off my com¬ 
puter immediately after I write data to 
a disk. SMARTDRV never waits more 
than five seconds before writing data 
to disk. 

If you let DOS’s SETUP program 
install SMARTDRV for you, it makes 
an assumption that it will waste mem¬ 
ory and slow down the disk cache on 
almost all computers. SETUP always 
installs SMARTDRV with double buf¬ 
fering, which means that the cache 
uses two buffers: a main one in ex¬ 
tended (XMS) memory and a smaller 
one in conventional memory. Each 
time data is transferred from the disk, 
it must pass through the conventional- 
memory buffer on its way to the ex¬ 
tended-memory buffer. It’s then trans¬ 
ferred back to conventional memory 


if the data was requested by DOS or a 
DOS application. Data sent to disk 
follows the same path, but in the re¬ 
verse direction. 

Double buffering is a necessity only 
if your hard-disk controller is an older 
one that doesn’t know how to send 
data to and retrieve data from beyond 
the 1M boundary. Only a few com¬ 
puters need double buffering. If you 
use EMM386.EXE (or another EMS 
emulator on a 386 or later computer) 
or if you run Windows in enhanced 
mode, you may need double buffering 
if you have an SCSI hard drive, ESDI 
hard drive or a Micro Channel com¬ 
puter. However, only some computers 
that fit this profile need double buffer¬ 
ing. To determine if your computer 
does, perform the following proce¬ 
dure with the version of SMARTDRV 
included in MS-DOS 6: 

Add the line 

device =c:\dos\smartdrv.exe /double¬ 
buffer 

to your CONFIG.SYS file. Then add 
the line 

c:\dos\smartdrv.exe (and any optional 
parameters) 

Finally, re-boot your computer and, 
from the DOS prompt, type smartdrv 
/S and hit Enter. 

If after doing the above any entry in 
the fourth column (Buffering) indi¬ 
cates “yes,” you need double buffer¬ 
ing. If every entry in this column is 
“no,” you can disable double buffer¬ 
ing by removing the device= smart- 
drv.exe from your CONFIG.SYS file. 

At the very least, you’ll reclaim the 
space that the second buffer was using 
in conventional memory. 

Once you have a disk cache in¬ 
stalled, you’re still not up to maxi¬ 
mum disk-transfer speed. Before the 
popularity of disk caches, many users 
(and many application installation 
programs) used the BUFFERS= state¬ 
ment in CONFIG.SYS to create a sim¬ 
ple disk cache. It was normal to speci¬ 
fy 20 to 50 buffers, depending on the 
size of the hard drive, to speed up sys¬ 
tem performance. DOS used these 
buffers to keep frequently-used infor¬ 
mation in memory and avoid constant 
rereading of the hard disk. However, 
when you have a disk cache installed, 
DOS’s disk buffers aren’t needed 


They can slow down your system and 
waste RAM. With a disk cache, you 
can decrease the number of buffers to 
a very low number, such as BUF¬ 
FER!?^ or 3, because the cache pro¬ 
vides the buffers that DOS formerly 
created by itself. 

You can also eliminate FASTOPEN, 
a DOS utility that keeps track of the 
locations of frequently-used files and 
subdirectories, if you’re using a disk 
cache. FASTOPEN is a particularly 
useless utility and can even slow 
down your computer if most of your 
data is on a drive that’s compressed 
with a program like MS-DOS 6.x’s 
DoubleSpace or Stacker. 

Speed Up Windows 

Users either love or hate Windows. 
Those in the latter group often com¬ 
plain of Windows' slow operations 
and how it even bogs down DOS pro¬ 
grams that are run from within Win¬ 
dows. Often, their complaints are 
based on a Windows installation that 
runs at less-than-optimum speed and 
is also in need of a tune-up. 

The first requirement of Windows is 
to have enough physical and virtual 
RAM in your system. To use Win¬ 
dows satisfactorily at all, you should 
have at least 4M of RAM. Upgrade to 
8M if you plan to have two or more 
major Windows applications open si¬ 
multaneously. Also, unless your hard 
disk is very cramped for space, create 
a large permanent swap file. The per¬ 
manent swap file must be on a parti¬ 
tion of your hard disk that isn’t com¬ 
pressed. Never try to manipulate a 
permanent swap file directly from 
DOS. Instead, open the Windows 
Control Panel, select the 386 En¬ 
hanced icon and select the Virtual 
Memory button. Temporary Windows 
swap files are slower than permanent 
ones because of the way Windows ac¬ 
cesses them. Windows always uses 
standard DOS read and write com¬ 
mands to use a temporary swap file. 
However, it assumes that it “owns” 
the space in a permanent swap file 
and reads from and writes to it direct¬ 
ly. Because of the way Windows uses 
them, permanent swap files require 
the use of contiguous disk space. 
Therefore, run a defragmenting utility 
from DOS before you install a perma¬ 
nent swap file in Windows. 

A second way to speed up Windows 
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is to avoid background DOS sessions, 
unless they’re absolutely needed. A 
background DOS program receives 
time from the CPU, whether or not it 
has the keyboard and mouse focus. 
Windows applications always run in 
the background, but they’re written to 
give up their CPU time unless they 
have some work to do. Most DOS ap¬ 
plications aren’t so considerate. 

You can select whether a DOS ap¬ 
plication or session runs in the back¬ 
ground when you create its PIF, or 
Program Information File. If you 
leave blank the Background check 
box, the application receives proces¬ 
sor time only when it has the focus. 
(The related check box, labeled Ex¬ 
clusive, tells Windows to suspend oth¬ 
er programs, even those marked 
Background, when the “exclusive” 
DOS program is running.) 

You can change a program’s Back¬ 
ground and Exclusive settings while 
it’s running by selecting its control 
button (if it’s running in a window) or 
by pressing Alt-Space Bar. From the 
control menu, choose Settings. You 
can then turn on or off either option. 

If you want a DOS word processor to 
print in the background while you do 
other work, leave its Background op¬ 
tion unchecked until you’re ready to 
print. 

If you run DOS applications with¬ 
out PIF files, load the File titled 
_DEFAULT.PIF into the PIF editor and 
make sure that it has both boxes un¬ 
checked. The _DEFAULT.PIF file is 
used to establish settings for any DOS 
program that doesn’t have its own PIF 
File of settings. 

Although the PIF editor has excel¬ 
lent help for each option, the process 
of tuning a PIF File is baffling to 
many users. One way to dramatically 
speed up DOS applications in en¬ 
hanced mode is to make sure that all 
three Monitor Ports options are un¬ 
checked in the PIF file, unless you’re 
using an EGA video adapter. When 
these options are on, Windows must 
watch constantly to see if the program 
has done anything on the screen that 
Windows won’t be able to undo when 
you switch to a different application. 
These options are hardly ever needed. 

If DOS applications appear to run 
slowly inside Windows when they’re 
writing to the disk, look at your SYS¬ 
TEM.INI File with a text editor like 
Notepad or with the SYSEDIT.EXE 


utility supplied with Windows. In the 
[386Enh] section of SYSTEM.INI, you 
should Find this line: 

FileSysChange=Off 

If this line is missing or if you see 
FileSysChange=On, Windows is 
snooping during every disk write to 
see if your DOS program has changed 
the entries in any subdirectories. Win¬ 
dows then sends this information to 
File Manager or any other Windows 
application that has asked for it. Since 
every disk write changes the length, 
time stamp or name of a File or creates 
or deletes a File, each one causes a 
pause while every “interested” Win¬ 
dows program records the change. 

When you set FileSysChange=Off, 
none of this extra activity occurs. File 
Manager’s display won’t be updated 
when you return to it, but you can al¬ 
ways force File Manager to reread a 
directory by pressing F5. 

Windows applications sometimes 
seem to be slow, especially if they use 
multiple fonts. They’re being slowed 
down by a font scaler, a program that 
reads shape information from a File 
and forms the screen representation of 
each character as it’s being displayed. 
The TrueType engine in Windows 3.1 
is one such program. Another popular 
font scaler is Adobe Systems’ Adobe 
Type Manager for Windows. 

One way to speed up scaled fonts is 
to pre-load the ones you normally use. 
Create a document with your favorite 
Windows word processor that contains 
the letters A through Z in both upper- 
and lower-case characters, along with 
numerals and punctuation marks. 

Then repeat the text in every font and 
type size you normally use. You can 
either load this document each time 
you run your word processor or have 
Windows run your word processor 
and load the document automatically 
every time it starts. Both techniques 
load the fonts into Windows memory 
and obviate the delays caused by the 
font scaler figuring out how to display 
each new character shape when you 
type it. 

To load the File automatically every 
time Windows starts, First use the File 
Association command in File Manag¬ 
er to associate the File’s extension 
with your word processor. Then list 
the file in the LOAD= line near the be¬ 
ginning of WIN.INI. For example, 


Some Ways to Tune 
Windows 


Be sure to save a copy of WIN.INI and 
SYSTEM.INI before you make any 
changes. You might want to put them on 
the same bootable disk on which you have 
your old AUTOEXEC.BAT and CON¬ 
FIG.SYS Files to keep everything in one 
place. You may want to save a copy of 
PROGMAN.INI and all *.GRP files in your 
WINDOWS directory if you’re rearranging 
Program Manager. Here are some tips to 
wring maximum performance out of 
Windows. 

(1) Make sure that SHARE is loaded in 
your AUTOEXEC.BAT File. 

(2) If you want to avoid seeing the Mi¬ 
crosoft logo, start Windows 3.1 with the 
command win : (win <spacexcolon>). 

(3) In the [386Enh] section of SYS¬ 
TEM.INI, set FileSysChange=Off. 

(4) In PIF Files, set Monitor Settings to 
Off and Detect Idle Time to On. Turn off 
Background and Exclusive when possible. 

(5) Most applications and DOS pro¬ 
grams will run faster in full-screen mode 
than in windowed mode because Windows 
has less work to do if it can dedicate the 
entire screen to one application. 

(6) If Windows reports that there aren’t 
enough File handles for a DOS applica¬ 
tion, add PerVMFiles=l5 to the [386Enh] 
section of SYSTEM.INI. If the error occurs 
again, increase the number to 20 or more. 

(7) Turn on 32-bit disk access (Control 
Panel, 386 Enhanced icon, Virtual Mem¬ 
ory screen). If your computer is one of the 
very few that can’s run this way, it will 
lock up. When you re-boot, edit SYSTEM¬ 
.INI before you enter Windows. In the 
[386 Enh] section, change 
32BitDiskAccess = On to 
32BitDiskAccess=Off. 


once you’ve associated .DOC Files 
with Word for Windows , you can in¬ 
clude the File C:\DOS\ LOADFNTS.DOC 
as one of the programs that Windows 
should load each time it begins. 

Finally, one of the features of VV7//- 
dows 3.1 I appreciate most when I’m 
tuning a system is the StartUp group 
in the Program Manager. First decide 
which Windows and DOS applications 
you want to have available every time 
you start Windows. Click once on 
each icon and then use the File 
menu’s Copy command to copy it to 
the StartUp group window. If you 
want each program to appear mini¬ 
mized, as I do, click once in the Start 

(Continued on page 107) 
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By SF Sparrow 


Utilities, Home Design & 
Multimedia Presentations 

Products to help you protect data, write your own 
professional-style manuals, design the house of your 
dreams and create your own multimedia presentations 


C omputer programs are usually 
grouped into two categories: 
applications and utilities. 

When we think of applications, such 
things as word processors, spread¬ 
sheets and database programs come to 
mind. We think of utilities as disk- 
cache programs, disk editors and the 
like. Some programs fit into the gray 
area between these categories because 
they’re small and efficient enough to 
be a utility, but expansive enough to 
be an application. In this article, I’ll 
give you the lowdown on a pair of 
“now-why-didn’t-they-think-of-that- 
before-now” utilities you’ll find use¬ 
ful in your day-to-day computing, tell 
you about a software package that lets 
you design your own dream home in 
2D and 3D formats and let you in on 
the ground floor of an easy-to-learn- 
and use package for creating multime¬ 
dia presentations 


FileRunner 



FileRunner prepares to run files over to drive A:. 


Protecting 
Important Data 

Anyone who deals with more than 
one computer probably knows the 
problem of keeping files properly 
synchronized. Perhaps you’re at the 
office and haven’t gotten onto a net¬ 
work yet. If so, you and your co¬ 
workers are forced to share the same 
data, such as a list of names and ad¬ 
dresses or critical spreadsheet data. So 
you copy the data to a floppy diskette 
and pass it around. Even though 
you’re careful, you know that one day 
your newer information is going to 
get copied over by older data. 

If you’re a PC user at home, you 
know only too well how to do the 
floppy shuffle. You’re working on the 


family computer when your children 
decide that they want to finish playing 
a hot computer game that has them 
stumped. Being a kindly parent, you 
copy your data to floppy disk and 
transfer operations lo your laptop 
computer. Later, when the kids have 
gone on to other matters, you return to 
your desktop computer and start 
working where you left off. After a 
couple of entries, you realize that 
you now have new data in two differ¬ 
ent locations and that it’s not the same 
in either. 

These examples illustrate the poten¬ 
tial problems of sharing critical data 
among computer systems. Eventually, 
something new gets replaced by 
something old, no matter how careful 
you are. The solution to the problem 


of file synchronization is FileRunner , 
utility-styled-application software 
from MBS Technologies, Inc. 

FileRunner is a simple, one-disk 
solution that runs under Microsoft 
Windows 3.1. You install it on a com¬ 
puter and that particular copy is elec¬ 
tronically assigned to the computer on 
which it’s installed. Then you tell the 
program which floppy drive is going 
to be used as your Runner floppy. Fi¬ 
nally, you tell the utility which files to 
keep synchronized. FileRunner does 
the rest. It reads the date and time 
stamps on your selected files and lets 
you know when you’re attempting to 
overwrite the new with the old. 

FileRunner *s user interface is easy 
enough to figure out without having 
to read the manual. You can have as 
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ClickBook lets you print your documents like you want them to be. 


many Runner floppies as you like and 
File Runner will manage them, pre¬ 
vent accidental overwrites and check 
your diskettes for viruses. The only 
thing you have to do is always make 
sure that dates and times on all your 
managed computers are the same. File 
synchronization software comes in 
running flavors for Windows and 
DOS on the PC and for the Mac. It 
makes allowances for time zones and 


daylight savings time. FileRunner is a 
clean, efficient solution to a nagging 
problem. It’s surprising that this little 
jewel took so long to show up. 

Creating Your Own 
Books and Manuals 

Another nifty utility-gone-application 
is ClickBook. All this one does is print 
documents in various sizes, but it 


does it double-sided, portrait and 
landscape. It also places marks on the 
printed documents so that they can be 
folded and stapled into a book style of 
your choice. 

You may not think about it that 
much, but wouldn’t it be nice to print 
out a little book of phone numbers 
and addresses into a pocket-sized doc¬ 
ument? ClickBook comes with a host 
of ready sizes from which you can 
choose. If you don’t like any of these 
supplied layouts, you can design your 
own in just a few minutes. Then you 
can preview it, see what it’s going to 
look like and fine-tune it if necessary. 
As an example, ClickBook turns a 
typical 24-page word-processed docu¬ 
ment into an easily handled six-page 
booklet-size pamphlet. 

Scaling and paging are automatical¬ 
ly handled by the ClickBook program. 
To print your own personal folding 
books, you’ll need Windows 3.1 and a 
laser printer. Like FileRunner , one 
wonders why this excellent utilitarian 
idea didn’t hit the marketplace much 
earlier than now. 

Designing Your 
Dream House 

Part of the American dream is having 
a nice family and nesting it in a nice 
house. Making the dream more ap¬ 
pealing is the possibility of having a 
hand in the design of your own house, 
as is offered by many home builders. 
Designing a house requires a high de¬ 
gree of architectural expertise. Few of 
us can properly design a house. That’s 
why computer software like Broder- 
bund’s 3D Home Architect exists. 

3D Home Architect is a do-it-your- 
self home-design/remodeling program 
that runs under Windows. Its purpose 
is to allow anyone to create complex 
architectural designs. A tool that facil¬ 
itates ease of use is the Windows op¬ 
erating environment and the fact that 
the program keeps menus to a mini¬ 
mum. Even though 3D Home Archi¬ 
tect is quite sophisticated, it doesn’t 
take an all-day tutorial to start produc¬ 
ing meaningful house plans. If you 
don’t feel like designing a new plan 
for scratch, you can choose from 
more than 50 existing plans. Call 
them up and modify them according 
to your likes. 

A very useful feature in 3D Home 
Architect is the one that keeps you 



2D and 3D views of a simple dream home from 3D Home Arhitect. 
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from putting parts in the wrong 
places. The program won’t let you put 
a door, window or fireplace where it 
doesn’t belong. Preventing such ama¬ 
teur errors up front saves time later. 
Another time-saving feature is that 
the program keeps track of materials 
and prepares a spreadsheet that you 
can use to calculate expenses. When 
you finish drawing your dream house, 
you can take an electronic tour of 
your work and make last-minute 
changes along the way. 

Yet another useful feature of 3D 
Home Architect is its dual 2D and 3D 
working mode—2D mode gives you a 
catwalk view of your design with de¬ 
tailed measurements, while 3D mode 
offers a more life-like look at your 
house but still permits interactive ed¬ 
iting. It takes longer for the computer 
to draw the initial 3D image, but sub¬ 
sequent re-draws are much faster. 

In 3D mode, you pan and zoom to 
look at your design from just about 
any angle. After sizing everything, 
you can export your design to various 
CAD and .DXF file formats and hand 
the disk to your builder. This doesn’t 
mean your builder will take your de¬ 
sign and run with it, of course, but at 
least your builder will know that 
you’re not just another dumb consum¬ 
er chasing the American dream. 

Multimedia 
Made Easy 

Multimedia has dashed into the per¬ 
sonal-computer world quickly and ir¬ 
revocably. CD-ROM and CD players 
appear in more and more businesses 
and households every day. The once- 
disparate technologies of video, sound 
and computers merge ever closer to 
become a single, multi-faceted entity. 
A key ingredient that can tie them all 
together is multimedia software. 

SST is a software product that al¬ 
lows anyone who has basic computer 
skills to create a multimedia presenta¬ 
tion in a comparatively short period of 
time. SST stands for Super Show & 
Tell. It’s published by Ask Me Multi- 
media. The product’s aim is to slash 
effort and cut time for multimedia pre¬ 
sentations. In this, it’s quite effective. 

SST s secret to quick and functional 
multimedia is really no secret. It’s de¬ 
sign displays evidence of forethought 
and concern for simplicity. If you've 
ever set out to use one of the many 


Super Show & Tell teaches multimedia. 


multimedia authoring products, 
you’ve probably spent more hours 
than you realized—or wanted, real¬ 
ly—on learning how the software 
works and becoming acceptably 
skilled at operating it, only to come 
away with a meager presentation that 
doesn’t reflect your efforts. SST isn’t 
so difficult to deal with. 

SST bases its operating concept on a 
very familiar pre-existing multimedia 
technique: the slide carousel. Most of 
us have sat through slide presenta¬ 
tions of one kind of another, whether 
it happened in school, at work or at 
home. With SST each part of your 
multimedia presentation is called a 
slide. A slide isn’t just a single item, 
like a picture or a sound sequence. 
Rather, it’s a collection of events that 
make up one segment of your presen¬ 
tation. A single multimedia slide may 
display a picture, move text onto the 
screen, invoke a synchronized sound 
and play a video clip. Even though it 
may do all of this, it’s still only one 
slide in a potentially large multimedia 
carousel. 

Five slides are displayed on your 
working screen for purposes of refer¬ 
ence. The current slide is always in 
the middle, bounded by the next two 
previous slides and the next two sub¬ 
sequent slides. A larger viewing 
screen displays the current slide so 
that you can see what you’re doing. A 
simple mouse-click on any other slide 


brings that one into primary spot and 
into the viewing area. Already, you 
get an idea of the streamlined simplic¬ 
ity of SST. 

The heart of any multimedia soft¬ 
ware is motion and sound. SST reads 
them all as objects of one kind or an¬ 
other that can go on any slide. The 
objects, in turn, have attributes that 
you can use to change the associated 
object. For example, text objects have 
a font style, but graphic objects don’t. 
Objects also have action elements so 
that you can make the object move or 
change size and color. A special ac¬ 
tion element allows your presentation 
to jump to a pre-defined location, per¬ 
mitting limited user interaction. 

SST comes with a helpful demo that 
shows off its features. Afterwards, 
you turn to the manual and follow a 
tutorial that fully acquaints you with 
all of the needed tools to create a pre¬ 
sentation. Once finished with the tuto¬ 
rial, you’re qualified to start your own 
work. To illustrate the product’s ease 
of use, compared to other multimedia 
authoring programs, I went to work 
on SST without reading the manual. In 
30 minutes, I knew how to change the 
background color, create text and 
make an object move across the 
screen. Still, it’s more expedient to 
take the tutorial before getting down 
to serious work. 

SST can help you pull together a 
rather wide range of data formats into 
(Continued on page 112) 
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By Robert Davis 


"Greening" Your PC's Video Monitor 


For years, I’ve hung up signs emblazoned 
with the message “Turn off monitor when 
not in use” to no avail. The widespread 
use of screen savers that do little more 
than entertain computer users. Something 
needed to be done. So I developed a sim¬ 
ple electronic device that can be used to 
turn off a PC’s video monitor when no 
keyboard has been detected for a preset 
period of time. It’s my own idea of an 
energy-saving “green” monitor without 
the expense of having to replace your pre¬ 
sent monitor. 

The circuitry for my “greening” device 
is shown in the schematic diagram. The 
556 timer chip operates as two single-shot 
multivibrators. The first acts as a pulse 
stretcher that, via the 2N2222 transistor 
connected to pins 12 and 13 of the IC, dis¬ 
charges the 470-pF electrolytic capacitor 
of the second multivibrator. Both multivi¬ 
brators trigger the instant any key is 
pressed on the PC’s keyboard. With the 
component values shown in the schematic, 
the first multivibrator won’t time out until 
no keyboard activity is detected for a peri¬ 
od of 10 minutes. 

When the circuit does time out, it trig¬ 
gers the 12-volt dc relay via the second 
2N2222 transistor, interrupting one of the 
120-volt ac lines from the wall outlet to 


the socket into which your PC’s video 
monitor is plugged. Once this occurs, sim¬ 
ply pressing any key on your keyboard 
triggers the circuit to again close the 
relay’s contacts and ac reapply power to 
the socket. The reset signal for the green¬ 
ing device comes from the DATA line of 
your PC’s keyboard cable and connects to 
pins 6 and 8 of the 556 timer chip. You 
can change the timing period, simply by 
changing the value of the 470-pF capaci¬ 
tor. For example, substituting a 1,000-pF 
capacitor stretches time-out period to 20 
minutes. 

Since power requirements for the green¬ 
ing device are modest, you can use just 
about any plug-in wall-type 12-volt dc sup¬ 
ply or a 12.6-volt transformer/ bridge recti- 
fier/470-iiF filter-capacitor arrangement. 

The relay I use in my prototypes comes 
from Radio Shack and can safely handle 
up to 10 amperes of current. This is more 
than adequate for even the most power- 
hungry video monitor. 

Construction of the project is as simple 
as its design, though it does require a bit 
of machining. You can assemble the cir¬ 
cuitry on perforated board that has holes 
on 0.1" centers, using Wire Wrap or/and 
soldering hardware. 

Everything except the relay, ac recepta¬ 


cle into which you plug your video moni¬ 
tor’s power cord, keyboard jack and the 
line cord that goes to the ac outlet mounts 
directly on the board. When wiring the 
circuit, observe proper polarity when con¬ 
necting the capacitors (the flat plate iden¬ 
tifies the + lead), basing for the two tran¬ 
sistors and orientation for the 1C. 

Use any plastic or metal utility box that 
measures at least 6" X 3" X 2" to house 
your greening device. You use a chassis- 
mount ac receptacle or a line-cord socket. 
Whichever you choose, machine the 
enclosure accordingly. Be sure to use a 
three-conductor ac power cord and 
grounded (three-contact) receptacle or 
socket. Similarly, you can hard-wire the 
power supply directly to the circuit assem¬ 
bly or route it into the enclosure through a 
jack-and-plug arrangement. 

Don’t attempt to directly wire to the 
existing connector at the end of your key¬ 
board’s cable or to the keyboard socket 
mounted on your PC’s motherboard. 
Instead, obtain a keyboard cable and a 
standard chassis-mount keyboard connec¬ 
tor like the one on your PC’s mother¬ 
board. You can salvage the cable from an 
old keyboard and purchase a chassis- 
mount connector to effect the required 
connections. 

Mount the keyboard socket connector 
on one wall of the enclosure in a suitable- 
size hole and secure it in place with hard¬ 
ware through its mounting “ears.” Then 
route the free end of the keyboard cable 
through a hole in the enclosure and con¬ 
nect and solder the cable’s conductors to 
the pins on the socket connector in the 
same sequence as on the connector at the 
other end of this cable (pin-1 conductor to 
pin 1 of the socket, pin-2 conductor to 
socket pin 1. and so oily. Referring to the 
pinout diagram at the top of the schematic 
diagram, connect and solder a hookup 
wire between the DATA (center) pin of the 
socket and pins 6 and 8 of the 556 timer 
chip. Connect and solder another length of 
wire from the GROUND pin of the socket 
to circuit ground on the project’s circuit- 
board assembly. 

Plug the keyboard cable on the project 
into the keyboard socket on your PC’s 
motherboard and your keyboard into the 
socket on your greening device. Then plug 
your video monitor into the ac receptacle 
or socket and the ac line cord on the pro¬ 
ject into an ac-line receptacle. Leave the 
power switch on your monitor permanent¬ 
ly turned on. ■ 
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Hardware Review 


A Unique Hybrid Computer: Dauphin's 
Desktop Replacement Model 

By Art Salsberg 



The Dauphin DTR-1 is an 

intriguing computer. Like inte¬ 
grated software, it combines 
multiple functions, in this case, 
subnotebook computer, pen 
computer and desktop comput¬ 
er. All this in a 2 ! /2-lb. compact 
package. The challenge here is 
how well does it perform in 
each format? Is it really a com¬ 
puter for all seasons? The 
portable 25-MHz 486-micro¬ 
processor-based machine 
comes with a built-in hard-disk 
drive, 9,600/2,400-baud 
data/fax modem and a detach¬ 
able miniature keyboard that 
has the same footprint as the 
machine’s “system unit.” Pre¬ 
installed software includes 
DOS 6.0, Windows 3.1 and 
Windows for Pen Computing. 

Other supplied software fea¬ 
tures a reduced version of PenWare’s PenCell 
Spreadsheet , Microsoft Notebook , advanced power 
management and a bevy of utilities. 

The machine features a variety of ports: parallel, 
serial, external monitor, external floppy or hard-disk 
drive, keyboard, telephone jack and Ethernet (the 
last requires an optional adapter). A cordless com¬ 
puter pen, an ac/dc power adapter and a soft portfo¬ 
lio case to hold the DTR-1 and its keyboard for use 
as a subnotebook are included. A slide-on plastic 
cover protects the LCD screen/tablet and ports. 

The basic DTR-1 measures a compact 9 I /2 M x 
5-1/2” X I 'A”. The back-lighted LCD VGA screen 
provides 6” diagonal monochrome viewing, with 
640 X 480 resolution and 64 shades of gray. Video 
memory is 1M. The VGA port can also drive a 
super-VGA color monitor in 256 colors with 800 X 
600 resolution. A 7.2-volt nickel-metal-hydride re¬ 
placeable battery provides portable power. Standard 
RAM is 4 M, which is expandable to 6 M. A 20M or 
40M internal hard-disk drive can be chosen. 

The DTR-1 system examined here was configured 
with a 40M Hewlett Packard hard drive, which re¬ 
corded an average seek time of 17 milliseconds, 4M 
of user RAM memory and an external 3 V 2 ” mini¬ 
disk drive measuring 5'/2” X 4 l /2” X -Va”. Price is 
$2,500, plus $200 for the external drive. 

In Use 

The DTR-l’s 25-MHz Cyrix 486 microprocessor 
and Oak Tech BIOS (dated 4/19/90) were up to par 


in all tests. With this arrangement, it took one min¬ 
ute to load Windows and DOS. The real question is: 
“How does the DTR-1 fare as a desktop, subnote¬ 
book and pen computer?” 

• Desktop Use. Set up as a desktop system while con¬ 
necting a 14" color video monitor to the appropriate 
port revealed an excellent color display during oper¬ 
ation. Plugging in a Keytronics full-size keyboard, a 
Dauphin external 3 , /2" floppy-disk drive that mea¬ 
sures a compact 4 , /2 u X X W and a supplied 
miniature ac adapter completed the system for 
desktop use. 

Naturally, this setup is a cumbersome one if you 
wish to use pen computing, since the DTR-1 has to 
be positioned for convenient pen operation instead 
of being moved a bit out of the way. Even positioned 
aside, however, it occupies valuable desk space, as 
does the external floppy drive. 

Both screens, CRT and LCD, operate simultane¬ 
ously when the former uses standard VGA resolu¬ 
tion. For super-VGA resolution, however, the LCD 
screen must be turned off. Consequently, pen com¬ 
puting canT be used in this format, since the pen has 
to be used to touch the liquid-crystal display. 

If you’re like me, you don’t thoroughly read the 
user manual that comes with your computer products 
until you encounter a problem you can’t intuitively 
correct. In most cases, this works fine. It did with the 
DTR-1, including pen-computing elements but ex¬ 
cepting special gestures. 

For heavy-duty desktop work, the miniature key¬ 
board isn’t adequate to the task. To begin with, the 
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keys are spaced more tightly than they are 
in a standard keyboard’s layout. 

Moreover, some keys are located in unfa¬ 
miliar areas. And an additional key, the 
Dauphin key, must be pressed to give user 
access to various keys labeled with green 
legends. One can get used to all this, of 
course, but it will slow up a good typist. 
Furthermore, the keys operate too stiffly. 


So for efficient desktop typing, a stan¬ 
dard-size keyboard substitute is highly 
desirable. But they’re inexpensive and 
simply require plugging a PS/2-connector- 
equipped external keyboard into the key¬ 
board port at the back of the DTR-1. 

Pen computing in a desktop setup can 
be awkward because you must use the pen 
on the LCD screen while observing its 


position and movements on the large color 
monitor attached to the computer. Of 
course, you can ignore the color screen 
and view everything on the LCD tablet, 
but, then, you’re really not in a desktop 
environment with the viewing advantages 
of a large color screen. With a little expe¬ 
rience, it’s easy to do, but it’s certainly not 
physically ideal. 

The DTR-1 has other limitations as 
one’s sole desktop computer as well, since 
it lacks expansion slots, has limited mem¬ 
ory and internal hard-disk capacity for 
really heavy-duty programs. Nor does it 
contain PCMCIA slots. It can, however, 
run on a network, with addition of an 
internal Ethernet adapter. 

• Subnotebook Use. The leather portfolio 
case included with the DTR-1 uses Velcro 
straps to secure the DTR-1 in the upper 
half of the case and a Velcro strip that 
catches the bottom of the miniature-key¬ 
board in the lower half. A support easel 
can be adjusted to tilt the LCD screen to a 
comfortable viewing angle and pen-touch 
position. A computer pen holder for stor¬ 
age purposes is also incorporated in the 
inside spine area of the case. 

The miniature keyboard has an L- 
shaped connector that plugs into the key¬ 
board port. If you use the video monitor 
port next to it, you have to use a straight- 
line connector that’s provided, since the 
bend in the miniature-keyboard connector 
blocks the video connector. 

The subnotebook computer system 
works fine, although its physical setup 
isn’t as good as that of typical subnote¬ 
book models that have a flip-type LCD lid 
and better keyboard. 

As a portable, the internal battery is 
said to require recharging after about 2'/2 
hours of use, which isn’t as long a time as 
most notebook computers provide. Also, 
when the time comes that the battery can 
no longer hold a charge and you have to 
change it, you’ll lose whatever data you 
have in memory. Therefore, work must be 
backed up before changing a battery. An 
optional battery pack cover will be avail¬ 
able to extend battery use to eight hours. 

• Pen Computer Use. Turning to the third 
face of the DTR-1, that of a portable pen 
computer, eliminates all cables hanging 
from its ports, as well as its peripherals. 
Now you have a neat tablet-face machine 
that’s on the heavy side and kind of large. 
It’s not a PDA (personal digital assistant) 
or even a palm-held type of pen computer. 
But placing it on a desktop or laptop, rath¬ 
er than walking around with it at the 
ready, it fills the bill very nicely. 

The pen itself runs on three tiny battery 
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cells. If the pen is inactive for three min¬ 
utes, it shuts itself down, conserving pow¬ 
er. Tapping the pen tip activates it again. 

Viewing the DTR-1 ’s LCD screen in a 
landscape format, four legends line the 
right side: Brightness, Contrast, Sus/Res 
(for suspend/restore) and Turbo. The wire¬ 
less pen is used to control these functions. 
Tapping a left- or right-hand arrow on ei¬ 
ther side of Brightness and Contrast acti¬ 
vates these controls. Tapping next to Sus/ 
Res either shuts down almost everything 
excluding memory and restores operation. 
Tapping Turbo will either cause the com¬ 
puter to run at 25 MHz, which is signaled 
by two beep sounds, or 8 MHz, which is 
signaled by one beep. At the other end of 
the computer are indicator lights for pow¬ 
er on, hard-drive use and low battery power. 

There’s no place on the computer itself 
to store the pen, so you have to carry it 
somewhere else. 

For Pen computing, Microsoft Pen 
Computing for Windows , which includes 
Microsoft Notebook in its Pen Group, is 
started. The display looks like a Windows 
3.1 screen and is quite easy to use by light 
touches of the pen, which has a retractable 
tip. A variety of menus and a number of 
icons are activated by a light tap, either by 
one tap or two taps. 

In case you need a keyboard for very 
limited work, you can also summon one 
for on-screen display. Tapping keys with 
the pen can input a character or another 
type of input. 

A Pen Palette runs in the background 
and can be called up by double-tapping its 
icon. Here, you can edit, cut, copy, etc. In 
addition, various options can be selected, 
such as enabling handwriting recognition, 
choosing letter guides, reducing or enlarg¬ 
ing the Pen Palette, a handwriting Trainer 
window and a Help menu, among others. 
There’s also a utility for a DOS mouse 
driver that permits the pen to function as a 
mouse in most DOS programs. The pen 
has side buttons that simulate a mouse’s 
right button, while the pen tip acts as the 
left mouse button. 

I found the handwriting recognition 
program to be excellent. Others who don’t 
print very neatly, as I do, will have some 
difficulties and have to train the program 
to recognize their letters and numbers. 

If I printed without lifting up the pen 
from the surface, I usually hit the charac¬ 
ter on the head. A print font of what’s 
done by electronic ink quickly pops up if 
it’s recognized. If not, a question mark ap¬ 
pears, alerting you to try again. Once in a 
great while a mistaken character recogni¬ 
tion was made or an unwanted space be¬ 
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tween letters appeared. Nevertheless, I 
found the program to be reasonably accu¬ 
rate in my case. With practice. I’m confi¬ 
dent that it would produce a high order of 
accuracy. Note that the program handles 
printing, not script! With a just a little 
practice, you can print in upper- or lower¬ 
case letters, too. 

With Microsoft Note , you can write, 
scribble and draw, just as you can with a 
ball-point ink pen. You can also print and 
have the results converted into typewritten 
text, draw a rough circle and have it con¬ 
verted into a perfect circle, choose line 
widths. Additionally, you can bring up a 
notebook calendar and a table of contents. 

A few representative forms are included 
in the pen programs, such as a Health 
Form. Here’s where the pen function real¬ 
ly shines for someone who can’t type or 
doesn’t have a keyboard handy. The user 
prints name, address, etc., whereupon it’s 
quickly converted to a print font. For the 
most part, the user makes a selection from 
among multiple choices by tapping (actu¬ 
ally pressing lightly) on the circle next to 
the correct fact such as “diabetes” in a 
medical history listing. You can write in 
the patient’s height or weight for conver¬ 
sion to a print font or simply tap an up or 
down arrow to have pounds, feet and inch¬ 
es displayed until the correct number is 
reached. It all worked beautifully with 
hardly a redo needed! 

As mentioned above, the Pen Program 
features “gestures.” You might think of 
these as pen editing macros. For example, 
a character can be deleted by drawing a 
slash line moving the pen upward toward 
the right and downward toward the left, 
right through the character. Or you can de¬ 
lete a whole word by moving the pen hori¬ 
zontally across the word on the LCD screen, 
and then backward from right to left. 


There are also gestures to make a space 
between words, insert text, copy a block 
of text to another place, undo an action, etc. 
You can also call up an editing box by draw¬ 
ing a check mark on a highlight text block. 

• Other Functions. The external floppy-disk 
drive worked as it should, making it easy 
to load new programs. The internal fax/ 
modem transmits and receives Fax Class 1 
messages (9,600 baud), while the modem 
operates similarly up to 2,400 baud. The 
Dauphin unit doesn’t come with a com¬ 
munications program. Though the LCD 
display/tablet, which measures 3" X 5", is 
on the small size, it’s display itself is clear 
and sharp. You can set the display/tablet 
to landscape or portrait mode, making it 
possible to handle most forms nicely. 

Conclusions 

Dauphin’s DTR-1 desktop-replacement 
computer is an impressive modular system 
that can, indeed, perform in three different 
ways, as represented. As with integrated 
software, each application use can’t match 
that of a computer expressly designed for 
a specific purpose. But like a Swiss Army 
knife, you get three for the price of one. 
Moreover, it’s a small-size 486-based 
computer that provides enormous versatil¬ 
ity at an excellent price. 


Product Tested 


DTR-1 Pen-Based Portable Computer, 
$ 1,200 (Plus $200 for External 40M 
Hard Drive) 

Dauphin Technology, Inc. 

1125 E. St. Charles Rd. 

Lombard. IL 60148 

Tel.: 708-627-4004; fax: 708-627-7618 

CIRCLE NO. 130 ON FREE INFORMATION CARD 


82 / MICROCOMPUTER JOURNAL / May/June 1994 











By John Hastings* 


Industry Watch 


F ollowing Microsoft’s introduc¬ 
tion of Windows 3.0, some peo¬ 
ple have said that Windows 
makes IBM an abbreviation for “I Be¬ 
came a Macintosh.” When Microsoft 
releases Windows 4.0 sometime later 
this year, the moniker will be well-de¬ 
served. It will be a true 32-bit operat¬ 
ing system. This will permit filenames 
to be more than eight characters in 
length. The “plug-and-play” capabili¬ 
ty will permit devices to be attached 
and removed without endless recon¬ 
figuration of software drivers, switch¬ 
es and jumpers. 

While the Macintosh has had most 
of the features of Windows 4.0 for 
many years, Apple is working dili¬ 
gently to add new features to stay 
ahead of Microsoft. AppleScript has 
recently been released. This scripting 
language allows a user to link togeth¬ 
er several applications to act as one. 
While the Macintosh operating sys¬ 
tem has always had built-in network¬ 
ing software, Apple recently added an 
electronic-mail function as well. The 
company hopes that these new fea¬ 
tures—as well as voice recognition, 
voice synthesis and video support— 
will keep it a step ahead of Windows. 

Though many of us have spent 
hours debating the pros and cons of 
the North American Free Trade 
Agreement, one group certain to ben¬ 
efit from its passage is computer 
users. Used-computer prices should 
fall more gracefully and, in some 
cases, even rise due to NAFTA. A 
20% tariff has made export of our 
older computers to Mexico economi¬ 
cally unfeasible. Without this tariff, 
millions of PCs, XTs and 80286- 
based computers will be headed south 
of the border. Mexico has other free- 


*John Hastings is the president of the 
American Computer Exchange Corp., 
which matches buyers and sellers of used 
microcomputer equipment. For more in¬ 
formation contact the American Com¬ 
puter Exchange Corp. at 800-786-0717. 


Prices of Used Computer Equipment for December 29, 1993 



Average 

Average 




Buyer’s 

Seller’s 



Machine 

Bid 

Ask 

Close 

Change 

IBM PS/2 Model 30/286, 20M 

$300 

$525 

$375 

+$50 

IBM PS/2 Model 50Z, 30M 

300 

650 

350 

** 

IBM PS/2 Model 70,120M 

600 

900 

650 

+50 

IBM PS/2 Model 80.70M 

450 

850 

550 

-25 

IBM ThinkPad300 

1,250 

1,650 

1,200 

** 

IBM ThinkPad700 

1,600 

2,200 

1,925 

-25 

AST 286/12, 40M 

275 

675 

300 

-25 

AST 386/20, 80M 

550 

850 

625 

** 

Dell 325SX, 50M 

400 

800 

525 

-50 

Dell 386/20, 120M 

600 

1,000 

675 

+25 

Gateway 286/16, 40M 

250 

550 

300 

-25 

Gateway 386SX/20, 80M 

500 

950 

600 

-25 

Gateway 386/25, 80M 

600 

1,000 

700 

** 

Clone AT 40M 

250 

550 

325 

** 

Clone Notebook 286, 40M 

350 

750 

550 

+50 

Clone Notebook 386SX, 40M 

500 

950 

750 

+50 

Clone 386/SX 40M, VGA 

450 

950 

525 

-75 

Clone 386/25 80M, VGA 

450 

950 

625 

-25 

Clone 386/33 80M, VGA 

550 

1,050 

725 

-25 

Clone 486/25 120M, VGA 

800 

1,450 

950 

+50 

Compaq SLT/286 20M 

250 

500 

350 

** 

Compaq LTE 286 40M 

400 

775 

525 

+25 

Compaq Portable III, 40M 

250 

650 

275 

** 

Compaq Deskpro 286, 40M 

250 

650 

275 

-25 

Compaq Deskpro386/20e, 100M 

600 

900 

600 

-100 

Macintosh SE, 20M 

300 

650 

400 

** 

Macintosh SE/30, 40M 

375 

800 

500 

-50 

Macintosh II, 40M 

400 

750 

550 

-50 

Macintosh Ilex, 80M 

500 

900 

600 

-125 

Macintosh llci, 80M 

900 

1,100 

925 

-75 

PowerBook 100 4/20 

525 

900 

600 

-100 

PowerBook 140 4/40 

900 

1,400 

1,000 

** 

PowerBook 170 4/40 

1,100 

1,700 

1,500 

+25 

LaserWriter IINT 

700 

1,000 

800 

+50 

Toshiba 1200XE 

300 

650 

450 

+100 

Toshiba 1600 

300 

600 

350 

+50 

Toshiba 2200 SX, 60M 

600 

1,100 

825 

-50 

Toshiba T-3100SX, 100M 

500 

900 

675 

+75 

Toshiba 5200,100M 

850 

1,250 

1,000 

-50 

HP LaserJet II 

400 

850 

600 

-25 

HP LaserJet IIP 

325 

950 

475 

** 

HP LaserJet III 

600 

1,000 

875 

-25 


trade agreements currently in place 
with several Central and South Amer¬ 
ican countries. This will allow many 
of these computers to continue their 
southern migration. 

Prices are falling on most new com¬ 
puters that use Intel’s most-powerful 


CPU chip, the Pentium. This may be 
due in part to the disappointment in 
the performance of the new chips. 
The average computer user won’t 
notice a speed improvement until it’s 
at least 100% faster than his present 
system. Most computer users have 
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Prices of Used Computer Equipment For January 28,1994 



Average 

Average 




Buyer’s 

Seller’s 



Machine 

Bid 

Ask 

Close 

Change 

IBM PS/2 Model 30/286, 20M 

$300 

$525 

$325 

-$50 

IBM PS/2 Model 70, 60M 

450 

900 

550 

-100 

IBM ThinkPad 300 

1,250 

1,650 

1,075 

-125 

IBM ThinkPad 700 

1,500 

2,000 

1,700 

-225 

IBM ThinkPad 720 

1,800 

2,500 

2,150 

-100 

AST 386/20, 80M 

550 

850 

550 

-75 

Dell 325SX, 60M 

400 

800 

525 

— 

Dell 386/20, 120M 

600 

1,000 

675 

— 

Gateway 386SX/20, 80M 

500 

950 

600 

+25 

Gateway 386/25, 80M 

500 

800 

600 

-100 

Gateway 486/33 120M 

900 

1,600 

1,150 

-50 

Clone Notebook 286, 40M 

350 

750 

525 

-25 

Clone Notebook 386SX, 40M 

500 

950 

750 

+75 

Clone 386/25 80M, VGA 

450 

950 

575 

-50 

Clone 386/33 80M, VGA 

550 

1,050 

700 

-25 

Clone 486/25 120M, VGA 

800 

1,450 

950 

— 

Compaq SLT/286 20M 

250 

500 

350 

— 

Compaq LTE 286 40M 

400 

775 

525 

— 

Compaq Deskpro 386/20e. 100M 

500 

700 

650 

+50 

Compaq Contura 320. 60M 

400 

1.000 

875 

-100 

Macintosh Classic. 40M 

350 

650 

425 

— 

Macintosh SE/30, 40M 

375 

800 

525 

+25 

Macintosh II, 40M 

400 

750 

600 

+50 

Macintosh Ilex, 80M 

500 

900 

525 

-75 

Macintosh llci, 80M 

700 

1,100 

925 

— 

Macintosh llfx, 80M 

800 

1,800 

1,400 

-100 

PowerBook 100, 20M 

525 

900 

650 

+50 

PowerBook 140, 40M 

900 

1,400 

1,000 

— 

PowerBook 170, 40M 

1,200 

1,900 

1,450 

-50 

PowerBook 180, 80M 

1,600 

2,300 

2,100 

+100 

LaserWriter II NT 

700 

1,000 

750 

-50 

Toshiba 1200XE 

300 

650 

375 

+25 

Toshiba T-1900, 120M 

1,000 

1,700 

1,350 

-125 

Toshiba T-3200SX, 100M 

400 

800 

550 

-100 

Toshiba 5200, 100M 

850 

1,250 

1,000 

— 

HP LaserJet II 

400 

850 

600 

— 

HP LaserJet IIIP 

375 

950 

575 

+100 

HP LaserJet III 

750 

1,100 

925 

+50 

HP LaserJet IV 

1,000 

1,300 

1,250 

-50 


come to expect new generations of 
computers to be 200% to 500% faster. 
Recent benchmarks of the 60-MHz 
Pentium chips show them to be only 
30% to 50% faster than top-level 486 
chips running at 66 MHz. The Penti¬ 
um should get a significant speed 
boost next year. Unlike most speed 
enhancements, this one won’t be due 
to an increase in clock speed, but to 
an improvement in its caching system. 
Intel is working hard to catch up with 
the speed of the Motorola PowerPC 
601 CPU chip, said to run up to 50% 
faster than the current Pentium. 
Meanwhile, Motorola plans to ship 
the next generation of the PowerPC 
chip before the end of this year. The 
PowerPC 620 will be a 64-bit chip 
capable of running five times faster 


than the present PowerPC 601. 

During 1991, the Big Three com¬ 
puter makers—IBM, Apple and Com¬ 
paq—began cutting prices to compete 
with low-cost clones. At that time, 
many people predicted the demise of 
most of the clone makers. While it’s 
true that Tandy, Everex and a few 
others have exited the business, sever¬ 
al others have remained far longer 
than many people predicted. Why 
would anyone purchase a clone when 
he could buy a name-brand computer 
at a comparable price? The survivors 
exist primarily because the Big Three 
can’t manufacture enough computers 
to meet the demand. Some experts be¬ 
lieve this backlog of orders will disap¬ 
pear early next year, due to increased 
production facilities. Ample supplies 


of name-brand computers could be 
the death knell for the remaining 
clone makers. The resulting oligopoly 
will surely result in higher prices and 
better profit margins for the victors of 
the shake-out. 

Apple Computer is expected to 
completely revamp its line of comput¬ 
ers during this year. None of the new 
computers are expected to use the 
Motorola 68030 CPU chip. Some of 
the new models will use the more 
powerful 68040 CPU, while others 
will run the faster PowerPC CPU 
chip. A new PowerBook is expected 
with a low-power version of the 
68040. Called the 68RC040, the new 
chip should run at 25/50 MHz. 

Recent increases in prices of mem¬ 
ory chips have been due to a shortage 
of epoxy resins. While this shortage 
has been eliminated, many people ex¬ 
pect memory prices to continue to in¬ 
crease. Some say prices could be 30% 
greater in the next six months. These 
increases are due to exploding de¬ 
mand. Because memory costs can be 
15% or more of the cost of a new 
computer, new systems prices should 
rise accordingly. Some memory-in¬ 
tensive applications and operating 
systems are experiencing poor sales 
due to expensive upgrade require¬ 
ments. Some computer retailers have 
stopped stocking Microsoft’s Win¬ 
dows NT due to poor sales. Microsoft 
may be forced to market a smaller, 
more-limited version of the operating 
system that would require less than 
20M of RAM memory. 

Many computer users feel that they 
have no need for some new technolo¬ 
gies like voice synthesis and voice 
recognition. New applications of 
these technologies may change their 
opinions. For example, QVoice Inc. in 
Newton, NJ, has developed an inex¬ 
pensive voice security system. Based 
on voice recognition, it identifies the 
voice of the appropriate user and only 
then permits access to the system. 

This eliminates the need for password 
protection. 

IBM is expected to soon announce 
its new Personal Dictation System. 
Composed of both hardware and soft¬ 
ware, the system could be one of the 
best speech-recognition systems to 
enter the marketplace. It seems to 
have the ability to determine the ap¬ 
propriate spelling of most homonyms, 
based on grammatical usage. The first 


84 / MICROCOMPUTER JOURNAL / May/June 1994 






version of the system will work on 
desktop computers that use IBM’s 
OS/2 operating system. Another ver¬ 
sion of the system may appear in 
summer in the form of a PCMCIA 
card. These small cards can fit many 
notebook computers. It would most 
likely be offered as an option for the 
IBM ThinkPad notebook computers. 
IBM is expected to announce a small¬ 
er pen-based computer next year. The 
ValuePen will rely primarily on hand¬ 
writing recognition for input. How¬ 
ever, if the new speech-recognition 
package is included, it could be the 
first to recognize both handwriting 
and speech. 

More News 

In the computer industry 1994 may 
become known as the year of the 
light, powerful and. possibly, inex¬ 
pensive notebook computer. Compaq 
is expected to announce a new Con- 
tura notebook soon. The new comput¬ 
er weighs less than 4 pounds and uses 
a 25-MHz 486SL CPU chip. The sur¬ 
prising news is the price. With 4M of 
user RAM and a 120M hard drive, it’s 
expected to sell for less than $1,500. 
Other surprises may be in store from 
Compaq as the Number 3 computer 
maker vows to become Number 1. 

Apple is expected to completely re¬ 
vamp its line of PowerBook notebook 
computers in 1994. Its lowest-priced 
model will sell for $1,200 and sport 
power and capacity comparable to the 
Compaq Contura. Its more-powerful 
models will utilize 68040 CPU chips, 
instead of the slower 68030 CPUs. 
The new notebooks are expected to 
have two available bays to permit use 
of two batteries or one battery and a 
variety of expansion options. During 
the fall, some of the 68040 notebooks 
may be upgraded to the new PowerPC 
CPU chip. These could easily be the 
most-powerful notebook computers 
on the market. If the PowerPC chip 
lives up to expectations of running 
both Windows and Macintosh soft¬ 
ware, Apple may have another run¬ 
away best seller on its hands. 

The giants of the computer indus¬ 
try, Microsoft and Intel, have both ex¬ 
perienced lackluster sales with their 
latest products. Microsoft’s Windows 
NT operating system and Intel’s Pen¬ 
tium CPU chips may become more 


popular when applications begin to 
utilize their advanced functionality. In 
the meantime, each company is pro¬ 
moting some older technology. Mi¬ 
crosoft fears an increasing popularity 
in IBM’s OS/2 for Windows. This in¬ 
expensive operating system provides 
many of the 32-bit functions of Win¬ 
dows NT but without the greater hard¬ 
ware requirements of NT. Conse¬ 
quently, Microsoft is making a major 
push for Windows for Workgroups. It 
has convinced several vendors to pre¬ 
install this version of Windows on 
new machines, Vendors include Dell, 
CompuAdd, Gateway, Digital Equip¬ 
ment and Toshiba. Some people fear 
that Microsoft is promoting this ver¬ 
sion to stem OS/2 sales due to incom¬ 
patibilities between the two products. 

Meanwhile. Intel is expected to in¬ 
troduce several new versions of the 
486 CPU chip. These faster versions 
may run as fast as 100 MHz. At this 
speed, the chips may approach the 
performance of low-end Pentium pro¬ 
cessors. This may stimulate sales until 
cheaper, faster Pentiums are available. 

Apple recently celebrated the tenth 
anniversary of the Macintosh with the 
comforting fact that it’s shipping 
more computers than any other manu¬ 
facturer. Currently, its shipments are 
24% greater than IBM’s and 62% 
greater than Compaq’s. 

Microsoft and Apple will soon be 
entering a new market of on-line com¬ 
puter services. Competing with the 
existing services offered by Prodigy, 
CompuServe and America Online, 
Microsoft’s new service is expected 
to be called MicroServe. Apple’s ser¬ 
vice has been announced as eWorld. 
Each company realizes the enormous 
profit potential of these services. This 
potential may explode in a few years, 
with access through interactive televi¬ 
sion. In addition, each company is 
hoping to position its graphical inter¬ 
face as the standard in interactive TV. 
If a true standard should emerge 
through TV, it would most likely be 
adopted in future versions of home 
appliances and office equipment. 

Computers communicate with vid¬ 
eo monitors, printers, modems and the 
outside world in general through 
cards plugged into slots on the com¬ 
puter’s motherboard. Most computers 
have ISA slots, which were developed 
for the first 286 computers and, thus, 


are the cause of a bottleneck for data 
in most of today’s high-performance 
Intel-based personal computers. IBM 
attempted to alleviate this bottleneck 
with its proprietary Micro Channel 
slots. Most other manufacturers didn’t 
choose to license this technology 
from IBM. While providing higher 
performance levels than ISA, even 
Apple’s NuBus slots on the Macin¬ 
tosh will limit throughput on the new, 
faster family of PowerPC computers 
due to hit the market this year. It ap¬ 
pears that most manufacturers will 
adopt a new standard within the next 
year. The PCI slot developed by Intel 
should eliminate bottlenecks in most 
computers. In addition, cards may fi¬ 
nally be interchangeable between 
Macintoshes, PS/2s and clones. 

Apple and Texas Instruments have 
announced a new standard for high¬ 
speed serial ports that could work in 
conjunction with the new PCI slots. 
Using thin, inexpensive cables, the 
new ports would support connection 
of external hard drives, scanners, 
printers, VCRs, camcorders, stereos 
and networks. 

For 10 years, Apple has had a less- 
than-strict rule against its authorized 
resellers marketing the Macintosh 
through mail-order channels. This ban 
is expected to be lifted by the time 
you read this. Open use of mail-order 
may result in lower prices on many 
new Macintosh computers. 

Laser-printer resolution is measured 
in dots per inch, or dpi. More dots 
means better resolution. Several years 
ago, most desktop laser printers pro¬ 
duced 300-dpi resolution. Today, 
most printers in the desktop laser cat¬ 
egory produce 600 dpi of resolution. 
Hewlett Packard was recently award¬ 
ed a patent for a technique that allows 
600-dpi printers to produce up to 
1,200 dpi of resolution for very little 
additional cost. It may slow the print¬ 
ing speeds at higher resolution, but 
the higher resolution can also be tog¬ 
gled off and on as needed. Printers 
with the new feature may be on the 
market in less than a year. 

PASport is a new software package 
from Shrinkwrap Software Ltd. that 
gives Windows users the ability to 
employ a fax machine as a printer or 
scanner. Notebook-computer users 
may find it handy when they’re away 
from home. ■ 
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By Joe Desposito 


Computing On the Go 

Beating the Weatherman at His Own 
Game 


Although this column appears in this May/June 
issue of Microcomputer Journal , it was written on a 
snowy February day in New York City. On this day, 
most people either stayed home from work or had 
lots of difficulty making it into their offices. With 
schools closed, kids were home. Naturally, 1 had no 
problem getting my work done. Although I do most 
of my work out of an office, on treacherous days 
like this, I simply work at home. 

Working at home and on the road has become 
even more convenient than ever for me since I 
latched onto a couple of subnotebook computers to 
review for this column. No matter what the forecast, 
and it has been the coldest and snowiest winter in 
memory here in the North¬ 
east, the forecast for work 
was bright lights and warm 
room temperature. My 
productivity has soared, 
thanks to these wonders of 
miniaturization. 

You might be thinking, 

“What’s the big deal? You 
can work at home with any 
size computer.” This may 
be true, but I find the sub¬ 
notebook computer an 
especially convenient 
device for moving from 
room to room to avoid dis¬ 
tractions, for taking to 
another location altogether 
and for working in the car 
on long trips, the last with 
someone else driving, of 
course. A subnotebook 
computer isn’t essential to 
do these things, and a notebook or laptop will work 
as well. However, being that the subnotebook is a 
much smaller package, you’re more likely to take it 
along with you, I believe. 

I wrote this column on a Hewlett-Packard Omni- 
Book 300. The particular configuration I have is 
likely to become the standard for computing in the 
future, though I had lots of trouble with it until I 
worked out the bugs. The other subnotebook I 
worked with was the Epson ActionNote 4000, which 
I’ll have more to say about later. I'll tell you right up 
front, though, that I’ve been using the Epson for the 
bulk of my work for the past three months. 

Epson OmniBook 300 

Epson’s OmniBook comes in several configurations. 
The one I have makes the most sense, for the future, 
that is. The system contains 10M of ROM that’s pro¬ 
grammed with: DOS 5.0; DoubleSpace; Microsoft 
Windows 3.1, Word 2.0 and Excel 4.0; and HP 
Phone Book, Appointment Book and Financial Cal¬ 
culator. This ROM resides on a PCMCIA card that 


fits into one of the OmniBook’s four PCMCIA slots. 
(Three Type II and one Type III PCMCIA slots are 
provided.) HP also includes a 10M Flash memory 
PCMCIA card in another slot. 

DoubleSpace, as its name implies, is used to dou¬ 
ble the available storage space. All of the storage 
space in this configuration of OmniBook is silicon 
(no electromechanical drives). When you turn on the 
computer and check the drive icons in Windows , you 
see a C: drive with about 20M, a D: drive with about 
10M and an E: drive with about 10M. In future, 
these numbers are likely to be 10 times greater. 

Other features of the 2.9-lb. OmniBook 300 in¬ 
clude a 20-MHz 386SXLV CPU, 9" enhanced re¬ 


flective LCD (no back light), 2M of RAM that’s 
expandable to 8M, nickel-metal-hydride battery that 
can be fully charged in about 2 hours and an ac 
adapter/battery charger. This configuration runs for 
about 9 hours on the included rechargeable battery. 
You also can use standard A A alkaline cells or the 
ac adapter to power the computer. OmniBook 300 
has a street price of about $ 1,800. 

Why is this configuration wrong for today? Sim¬ 
ply because the it has no floppy drive (though you 
can obtain one from a third party vendor if you feel 
you need it). Hewlett-Packard has done its best, 
though, to find a workable solution to data transfer. 
It’s that old reliable software package, LapLink. 

Several years ago, I was using LapLink all the 
time. In recent years, I was glad to be rid of it. Omni¬ 
Book comes with LapLink Remote in ROM and a 
cable to make serial connection to a desktop comput¬ 
er. Actually, the concept is ingenious. You connect 
together the OmniBook and desktop computers with 
the cable, start LapLink Remote , respond to a few 
prompts and another LapLink program is automatical¬ 
ly installed on the desktop system. When Windows is 



Hewlett Packard OmniBook 300 subnotebook PC. 
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running on both computers and the two 
are interconnected through LcipLink , you 
have access to all drives on both systems 
and can easily transfer files between them 
with the Windows Program Manager. 

Unfortunately, arriving at this point 
took me so long that I was ready to send 
OmniBook back for a replacement. After 
all, if I can’t get programs and files into 
and out of the dam thing, what good is it? 
My first attempt at using LapLink Remote 
resulted in an error message that informed 
me the desktop system wasn’t responding. 
After a few tries with no luck, I called HP 
for some technical assistance. The support 
person narrowed the problem to the 9-to- 
25-pin adapter I used to get the HP cable 
to connect to my ALR Power desktop (the 
HP cable has nine-pin female connectors 
on both ends). Though the adapter worked 
fine with my mouse, the support person 
told me that it might not have the wires 
connected properly on all nine pins. I 
didn’t really believe this, figuring that the 
cable or Omni Book’s serial port had to be 
at fault. In any case, I told the tech person 
that I'd try to dig up one of my old 
LapLink cables that had nine- and 25-pin 
connectors on both ends. 

With all the work I had to do, I just put 
OmniBook aside, disappointed that it 
couldn't be of more use to me at the time. 
Meanwhile, I was using the Epson 
ActionNote for just about everything. With 
the pressure of the deadline for this column 
nearing, I knew I had to play around with 
OmniBook until I got it to work. After 
locating my old LcipLink cable, it suddenly 
dawned on me that I could connect the 
Epson’s nine-pin serial port to OmniBook 
just to see if the adapter was truly the cause 
of the problem. Sure enough, once I con¬ 
nected together the two subnotebook com¬ 
puters, everything worked fine. Score one 
for HP tech support! 

Once you get it going, LapLink Remote 
works wonderfully well. There isn’t even 
the small learning curve that was associat¬ 
ed with the older DOS version of LapLink , 
since you work exactly the same way you 
do with the Windows Program Manager. 
No matter how well it works, though. I 
just don’t like connecting a cable every 
time I want to transfer a file and then hav¬ 
ing to disconnect it when I’m done. So I 
decided to try the alternate approach, as 
long as I had the two sub-notebooks on 
the same desk—PCMCIA transfer. 

A little aside is in order here. Omni¬ 
Book arrived without its usual documenta¬ 
tion. Undaunted, I fiddled around with it 
anyway. I even loaned it to a student 
friend of mine to type a short paper. She 
saved the file, which I promised to print 
out as soon as I got the opportunity to do 
so. In the meantime, I popped out the two 
PCMCIA cards that come with the unit 


and looked them over. When I put them 
back in, OmniBook was dead. I thought it 
was the battery. Without the charger at 
hand, I attempted to install AA cells, 
which OmniBook can use. When this 
didn’t work, I was really puzzled as to 
what had happened. I think my reputation 
fell a few notches when I couldn't print 
out the paper. Later, I found out from HP 
tech support that the two PCMCIA cards 
that come standard with OmniBook can't 
be inserted and removed as you normally 
are able to do with these cards. Whenever 
these two cards are removed, you must 
press a tiny reset switch nestled between 
the parallel and infrared ports at the rear 
of the computer. 

Normally, PCMCIA cards can be 
slipped into and out of their slots in much 
the same way as a floppy disk can be 
slipped into and out of its drive, whether 
the computer is on or off. Both the Epson 
and HP subnotebook PCs have PCMCIA 
slots, and I had a SunDisk 1.8M Flash- 
Disk that Tandy had loaned me for use in 
the Zoomer. Transferring files using the 
SunDisk card worked great. 

I copied some files from the Epson Ac¬ 
tionNote to the SunDisk card, removed 
the card and placed it in the HP Omni¬ 
Book PC. Then I called up the files right 
from the SunDisk. Being that this is a 
flash disk, files don’t have to be trans¬ 
ferred to a faster medium as you would 
normally do with a floppy/hard disk ar¬ 
rangement. On OmniBook, if you have the 
Windows Program Manager on the screen, 
you’ll see a small PCMCIA disk-drive 
icon. When the PCMCIA card is plugged 
into the slot, the icon immediately 
changes to one that has a card in it. 

OmniBook has a few notable features 
worth mentioning before I move on. In¬ 
stant-on brings you immediately to the 
screen on which you last worked when 
you press the On/Off key. This is a real 
time saver. Another excellent feature is 
the keyboard. It has a great feel and lay¬ 
out. I had no problems with it whatsoever. 
A row of icons lies on the keyboard, just 
above function keys FI through F9. Press¬ 
ing a special Fn key plus the appropriate 
function key lets you easily switch be¬ 
tween applications. The ac adapter/charg¬ 
er is notable for its lack of indicators. In¬ 
stead, a battery icon pops up on the screen 
to display the status of the charge and 
whether or not the adapter is connected. 

Finally, OmniBook’s mouse is different 
from any I’ve ever experienced. It looks 
like a miniature mouse, but it’s attached to 
OmniBook by a piece of black plastic that 
looks like a small ruler. The mouse acts as 
a handle for this piece of plastic. The 
mouse has no ball on the bottom, but it 
has a top that pops up if you want a better 
grip. I found it to be a better solution than 
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Epson ActionNote 4000 subnotebook computer. 


a miniature trackball, but not nearly as 
good as a conventional mouse. If you 
don’t like the built-in mouse, a conven¬ 
tional one can be connected to the serial 
port. OmniBook automatically senses the 
external mouse and disables the built-in 
one. HP includes a program for changing 
the size of the mouse cursor, which is a 
help on the monochrome LCD screen. 

Hewlett-Packard has already upgraded 
OmniBook. The newest model is the 425, 
which has most of the features contained in 
the 300, but it includes a 25-MHz TI- 
486SLC/e CPU. I think if I had a PCMCIA 
drive in my desktop PC, I’d have used 
OmniBook much more than I did. But this 
is something to consider for the future. 

ActionNote 4000 

The other subnotebook PC I had an oppor¬ 
tunity to play with was Epson’s Action- 
Note 4000. I used this PC much more than 
I did OmniBook for a simple reason. It 
comes with an external 3 , /2" floppy-disk 
drive. With this, I was able to install two 
programs on ActionNote’s 120M internal 
hard-disk drive, PageMaker 4.0 and 
OrCAD. Like many other subnotebook 
PCs, ActionNote 4000 has a built-in mini¬ 
ature trackball that substitutes for a 
mouse. It was easy enough to become ac¬ 
customed to this device, but I found it ter¬ 
rible to work with, especially in the pro¬ 
grams I was using, which are extremely 
mouse-dependent. Not until I discovered 
that I could disable the trackball and at¬ 
tach a standard mouse was I able to get 
some real work done. 

When I first began using ActionNote, I 
found its speed to be real drawback. I 
hadn’t expected speed problems from this 
33-MHz 486-powered machine. It turns 


out that the problem was caused by Ac¬ 
tionNote’s power-management features, 
which were powering down the hard disk 
after one minute. Fortunately, this is ad¬ 
justable, as is almost every other facet of 
the machine. To get around the problem, I 
plugged in the ac adapter, turned off the 
power-management feature and raised the 
hard disk’s timeout to 10 minutes. This is 
all done through the setup program, to 
which you gain entrance by pressing the 
Delete key at startup. 

I very much liked ActionNote’s flexibil¬ 
ity. Besides the mouse, you can substitute 
an external keyboard and VGA video mon¬ 
itor. I did most of my work with just the 
external mouse added. I was able to work 
to about 95% of normal in PageMaker and 
OrCAD. The back-lit LCD screen, 
although measuring only a 7.4" diagonally, 
was sufficient for my needs and should be 
so for the great majority of other people’s 
needs. The only drawback is that you can 
lose sight of the cursor every so often. 

I disliked the Epson keyboard. When 
you don’t have to enter much text, as in 
the two programs I was using, this isn’t a 
significant problem. However, I wouldn’t 
write this column or any long piece of text 
on ActionNote. One of the main difficul¬ 
ties concerns the position of the right-hand 
shift key. It’s at the farthest-right point of 
the keyboard, and it’s not much bigger 
than any other key. 

Between the slash (/) and Shift keys is 
the up-arrow key. Frequently, when I tried 
to shift the keyboard, it was easier to hit 
the up-arrow key, moving the cursor up a 
line. Consequently, I often found myself 
typing text in the wrong place. To correct 
my natural tendencies, I picked off a tiny 
piece of a glue stick and attached it to the 
Shift key to give my pinky something feel 


when reaching for the Shift key. All in all, 
this worked pretty well. 

Another problem with the keyboard is 
the resistance of its keys. To me, they 
were difficult to press down. Of course, 
keyboard “feel” is generally a personal- 
preference situation and, thus, other peo¬ 
ple who use Action Note’s keyboard may 
not feel as I do about it. 

You can solve keyboard problems by 
substituting a different keyboard. How¬ 
ever, there’s a minor drawback associated 
with doing this. The connector on Action- 
Note for an external keyboard is a minia¬ 
ture socket. Since the keyboard on my of¬ 
fice PC (and I’d hazard the great majority 
of every other desktop PC) uses the stan¬ 
dard plug, an adapter is required to effect 
the connection. My home machine is an 
upgraded IBM PC. which means that the 
keyboard isn't even compatible with Ac¬ 
tionNote. One of my friends owns a Gate¬ 
way 2000 486SX-33, which is one of the 
few PCs that have a keyboard that’s 
equipped with a miniature plug. So I was 
able to use it with ActionNote. The substi¬ 
tute keyboard worked fine. 

When I plugged in the external video 
monitor, it didn’t work, as well. I found 
the VGA display to be somewhat blurry 
and wavering on the Gateway SVGA 
monitor. So I decided to try the 4000 with 
the NEC Multisync at my office. This ex¬ 
ternal monitor worked perfectly. Most 
SVGA monitors have only two syncing 
frequencies, one each for VGA and 
SVGA. The Multisync, on the other hand, 
can scan a range of frequencies, which is 
probably the reason for the better perfor¬ 
mance I got from it. If you wish, you can 
have the display show up on both the 
built-in and external displays, which is 
convenient for presentations. 

I don’t want to give the impression here 
that ActionNote 4000 can’t be used with¬ 
out an external mouse, keyboard and vid¬ 
eo monitor. This is certainly not the case. 
In fact, under deadline pressure, I used the 
4000 in the back seat of a car to edit an 
article in PageMaker. This isn’t the best 
way to do things, but it can be done in a 
pinch. When the circumstances aren’t so 
dire—for instance, a deadline that isn’t so 
close and working on a kitchen table—I 
found it preferable to substitute the exter¬ 
nal mouse. 

As mentioned earlier, the Epson Ac¬ 
tionNote was the computer I used to de¬ 
rive some utility from the HP OmniBook. 

I moved files from the desktop PC to Ac¬ 
tionNote through its external drive and 
from ActionNote to OmniBook via the 
PCMCIA SunDisk Flash card. This latter 
transfer worked flawlessly. Flash cards 
sure look like they have a bright future. 

I tried one other PCMCIA card in Ac¬ 
tionNote, the Epson 2400/9600 Fax/Mo- 
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dein Card. All you need to do to get this 
one up and running is slide the card into 
the slot, and you’re ready to communicate. 
Epson supplies the cable that connects the 
PCMCIA card to the telephone line. The 
cable is a bit short. For a long run, you 
need a dual-female RJ-11 connector to 
add a longer telephone wire to the one 
supplied. 

Included with the Fax/Modem Card is a 
communications program called COMit 
and the WinFax Lite and DOSFax Lite pro¬ 
grams. If you haven't heard of WinFax Lite 
or its more-powerful sibling, WinFax Pro , 
this software can send a fax directly from 
any Windows application. The program 
accomplishes this by providing its own 
printer driver. Unfortunately, this driver 
outputs a slightly different page format 
than other printer drivers as, for example, 
the Apple Laser Writer IINTX. This flaw 
probably won’t be a problem in many 
cases, when you’re simply trying to deliver 
a message with a fax. But for desktop-pub¬ 
lishing applications in which position, as 
well as content, is of utmost importance, 
WinFax is useless. I was hoping this pro¬ 
gram could solve a major problem of mine. 
The office fax machine can transmit a 
maximum of six pages at a time. With 
WinFax , you can send as many pages as 
you want. But the pages composed by 
PageMaker for WinFax were different 
from those composed for the IINTX. So I 
had to return to the fax machine and keep 
looking for a solution. By the way, this 
limitation occurs only when sending a doc¬ 
ument through WinFax. If you receive a 
document sent from a standard fax 
machine, you'll obtain the actual image. 

Some of the standard features of the 
3.8-lb. Epson ActionNote 4000 are: 33- 
MHz 486SLC processor; 4M of RAM 
that’s expandable to 8M; 120M removable 
hard-disk drive; one PCMCIA Type II 
slot; back-lit VGA 7.4” LCD mono¬ 
chrome display screen; built-in two-button 
trackball; Ni-Cd battery; and ac adapter/ 
charger. The system comes pre-loaded 
with Windows 3.1 and MS-DOS 6.0. Sys¬ 
tem street price is around $1,500. 

PCMCIA SCSI Card 

If you’re trying to figure out how to con¬ 
nect external SCSI devices, such as a CD- 
ROM drive, to a notebook computer. Fu¬ 
ture Domain has the answer with its 16-bit 
SCSI2GO PCMCIA Type II SCSI con¬ 
troller. SCSI2GO is capable of FAST 
SCSI-2 transfer rates up to 10 M/s. The 
device features Future Domain's 18C30 
single-chip SCSI-2 controller with 2K in¬ 
ternal FIFO buffer. The interface cable is 
an SCSI one with locking PCMCIA card 
connector on one end and 50-pin SCSI-2 
connector on the other end. 
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SCSI2GO has a powered-down sleep 
mode. While operating, it has a power re¬ 
quirement of only 210 mW. As with all 
Future Domain SCSI controllers, SCSI- 
2GO is fully supported by PowerSCSI!, 
the universal application interface under 
DOS, NetWare and Windows. Embedded 
support is provided in Windows NT and 
OS/2. SCSI2GO will be included in the 
SCSI Valuepak and CorelSCSI Kit. Sug¬ 
gested retail pricing of the kits are $329 
and $389, respectively. 

PCMCIA Card Kit 

Anyone who wishes to try his hand at de¬ 
veloping a PCMCIA device can do so 
with R&D MICRO’S PCMCIA Type II 
Cover-LOC Card Kit. This kit can be uti¬ 
lized in conjunction with your own PCM¬ 
CIA design concepts. The assembly has a 
15-position I/O port and mating cable 
assembly. 

The kit includes a frame assembly with 
ESD clips, cable assembly and covers. 

The frame assembly can accommodate the 
following 68-pin connectors: Duont, JAE, 
JST and Melhode. Additionally, the cir¬ 
cuit board can be configured for offset or 
centerline position. 

Cover-LOC snap-fits to the frame as¬ 
sembly, eliminating heat activation, heat 
staking or pressure-sensitive lamination of 
circuit substrate to the frame assembly. 
Suggested kit retail price is $27. Maybe 
we’ll see a PCMCIA project in Micro¬ 
computer Journal in the not-to-distant 
future? ■ 
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Microcomputer Q&A 

By TJ Byers 


In this column, I answer your questions about all 
aspects of computer disciplines, both hardware and 
software, plus related electronic queries. Since I 
draw from a large source of knowledgeable contrib¬ 
utors, feel free to ask whatever questions you may 
have regarding computing on the PC platform. If 
you have a problem you’d like to have solved or a 
question you want answered, you can send it to me 
at Microcomputer Journal, 76 N. Broadway, Hicks- 
ville, NY 11801. 

No Color on Power-Up 

Q: I'm having problems with my VGA color display. 
When I turn on my system, the screen conies up in 
monochrome instead of color. If I press the RESET 
button, color is restored. Do l have a bad video card 
or a bum monitor? 

A: Neither. It’s the way you sequence initial start¬ 
up. VGA color monitors have a special signal that 
identifies them as being color. Monochrome VGA 
monitors don’t have this signal. Most video cards 
look for the monochrome/color signal when you 
power up or reboot your system. If the color signal is 
missing, the card defaults to monochrome. To solve 
the problem, all you have to do is turn on your video 
monitor before you turn on your PC. 

Which SmartDrive Do I Use? 

Q: After updating to DOS 6.2,1 noticed that I now 
have a SmartDrv.COM and a SmartDrv.EXE in my 
DOS directory and a SmartDrv.EXE in my Windows 
directory. They all have different dates. Which one 
do I use and how? 

A: Use the most current one. From the DOS prompt, 
type: 

DIR C:\DOS\SMARTDRV.* 

DIR C:\WINDOWS\SMARTDRV.* 

and compare the dates and time. Windows 3.1 is 
newer than DOS 5.0, but DOS 6.0 is newer than 
Windows 3.1. DOS 6.2 is the newest and is equiva¬ 
lent to SmartDrive in Windows for Workgroups 3.11. 
The least-painful way to make the upgrade is to 
place a copy of the newest version in both your 
\DOS and \WINDOWS directories. This way, you 
shouldn’t have to edit your CONFIG.SYS or 
AUTOEXEC.BAT files. 

SmartMon Fine Tunes SmartDrive 

SmartMon is a Windows companion application to the 
SmartDrive disk-cache utility. It provides visual indi¬ 
cation of cache activities and allows you to alter the 
properties of the cache for best Windows perfor¬ 
mance. Using SmartMon, you can manipulate the 
run-time parameters of SmartDrive on the fly and 
monitor the effect on cache efficiency. SmartMon can 


also save the changes in the batch file that contains 
the SmartDrive command. 

SmartMon’s functionality is organized visually into 
four main groups—Cache Memory Controls, Drive 
Caching Controls, Cache Hit Rate Display and 
Options and Cache Activity Logging—as detailed in 
Fig. 1. The Help screen describes their use. To in¬ 
stall SmartMon, all you have to do is open up the File 
Manager from the Main menu and locate SMART- 
MON.EXE in the Windows directory. Now drag and 
drop the SmartMon icon into a Program Group, such 
as Accessories. 

WordPerfect for 
Windows 6.0 Bug 

Q: Em having a lot of trouble getting WordPerfect 
for Windows 6.0 to run. Until two weeks ago, it ran 
without a problem. Now, when I launch it from the 
icon in Program Manager, I get the error message: 
“WPWIN60.EXE has caused a General Protection 
Fault in module SHWINC20.DLL at 0001:14F3. ” I 
called WordPerfect’s BBS and found that many oth¬ 
ers have the same problem. I tried the upgrade post¬ 
ed on the BBS, but the problem persists. Does any¬ 
one have an answer? It sounds like a huge bug, 
since others report the exact error message. 

A: It sounds like your problem is a corrupt .BIF file. 
This is a recognized bug in the program, which 
should be fixed in the interim release, due out “any 
day now.” Be sure to call WordPerfect customer 
support on this problem and insist that an official 
Problem Report be filed in your name. If you do 
this, the company will send you the updated version 
at no charge. 

Meanwhile, you can probably get WordPerfect for 
Windows 6.0 back on its feet if you rename the .BIF 
file, which should be stored in your VWINDOWS 
directory, with a different name and then restart 
WordPerfect for Windows 6.0 This should fix the 
problem, but you'II lose all the customizing you've 
done to your interface—along with most of your 
other custom settings. WordPerfect will revert to its 
default settings. 

Certified Computer Technician 

Q: I'm the owner of a small computer sales/service 
center. Ed like to know if there are any professional 
testing/certification organizations for computers. 
Certification lends an air of professionalism to any 
occupation, and Ed like to pursue this avenue. 

A: Unfortunately, I can’t find one. There are several 
software companies that do testing and certification, 
including Novell and Microsoft Consulting. But no 
organization is specifically targeted for the computer 
technician. Of course, a CET (Certified Electronic 
Technician) certificate is nothing to scoff at, but it 
requires a good knowledge of radio and TV theory. 
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An alternative would be to earn an Asso¬ 
ciate diploma from a community college 
or recognized correspondence school, 
such as Cleveland Institute of Technology, 
that you can hang on your wall with pride. 

Redirect Printer Output To 
A File 

Q: I'd like to know how to configure my 
printer ports to send print output to a file, 
rather than to LPT 1.1 use Windows. 

A: This is easily done via the Windows 
Control Panel. First click on the Main icon 
and open the Control Panel option. From 
here, bring up the Printers menu and select 
Connect (Fig. 2). You can now redirect 
your printer output to any port or file you 
wish. Since the File option is farther down 
the list, you'll need to use the scroll bar to 
find it. 

CD-ROM Sound 

Q: I’m confused about the audio facilities 
on a CD-ROM. What are the phono jacks 
in the back used for? / tried to plug them 
into my home stereo, but only some CDs 
work—most don 7. A friend says / need a 
sound card, like the Sound Blaster. But I 
already have a CD-ROM card that came 
with the drive plugged into a slot. What's 
wrong with my setup? 

A: Sound recorded on a CD-ROM is di¬ 
vided into two broad types: music files 
and DOS files. As the name implies, mu¬ 
sic files are encoded analog sounds in the 
format used by the music industry. These 
CDs will output to the phono jacks and 
play through your stereo without requiring 
a sound card. 

Nearly all CDs that carry computer pro¬ 
grams use digital audio stored in the form 


of .WAV or some other DOS file format. 
Playing these files requires a sound card 
that contains the necessary digital-to-ana- 
log (D/A) converter circuitry. A dead give¬ 
away is the MPC logo on the software, 
which demands the presence of a sound 
card, and you’ll get no audio without one. 
Once the files are converted from their 
DOS format, the sound exits via the sound 
card’s audio output ports, which will now 
play through your external speakers or 
stereo system. The sound card also 
includes a mixer that lets you combine CD 
audio (from the drive) with digitized audio 


Fig. 1 . SmartMon’s functionality is or¬ 
ganized visually into four main groups — 
Cache Memory Controls, Drive Caching 
Controls, Cache Hit Rate Display and 
Options and Cache Activity Logging. 


and synthesized music from the sound 
card’s microphone or other sound source. 

The card that came with your CD-ROM 
drive is the drive’s controller, not a sound 
card. However, almost all MPC-compliant 
sound cards have CD-ROM controllers 
built in (though some are proprietary and 
work with only certain drives). So depend¬ 
ing on your drive, you could replace your 
existing controller with a sound card that 
has a compatible controller, thus saving an 
expansion slot. But there’s no law against 
having a sound card and a controller card 
coexisting in your PC. Prices for decent 
sound cards start at around $100. 

All About Windows 
Permanent Swap File 

Q: I recently upgraded my system to DOS 
6.0 and DoubleSpace. Now things are 
falling apart. First, icons started disap¬ 
pearing. Then the message “Corrupt 
Swap File Warning. You need to create a 
new swap file. Choose the 386 enhanced 
icon in windows. Do you wish to delete 
the corrupt swap file? Y or N?” popped 
up on the screen. So, I went back into the 
Control Panel and tried to create a new 
swap file. I changed all the options to my 
preference and chose “OK. ” It restarted 
Windows, and the same error message 



Fig. 2. To redirect printer output in Windows, from the Control Panel, first click on the 
Main icon and open the Control Panel option, bring up the Printers menu and select 
Connect. 
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came up again. / tried this several times, 
each time with the same result. I even 
tried deleting the swap fde. The only way I 
could get rid of the message was to set my 
swap fde type to none. Finally, the Con¬ 
trol Panel and Setup icons were gone, 
forcing me to reload Windows. But the 
same thing started all over again. Help/ 

A: Using a permanent swap file, one that 
uses your hard disk to emulate system 
RAM, improves the speed of Windows be¬ 
cause it lets you run large applications that 
take more memory than system RAM can 
provide. But, as you and many others have 
discovered, it has its problems. 

Swap file works only with disk drives 
that use 512-byte sectors partitioned with 
the DOS FDISK utility. If you use a parti¬ 
tioning utility that’s installed as a driver in 
CONFIG.SYS, such as DoubleSpace, 
you’re asking for trouble. If you receive a 
message that the swap file is corrupt, 
make sure that you’re using the FDISK 
partitioning scheme—not one that com¬ 
presses the disk. If you’re using a com¬ 
pressed drive, use the Control Panel to 
delete the swap file and recreate it on an 
uncompressed drive. 

Swap file displays two values concern¬ 
ing the hard-disk driver: the largest possi¬ 
ble swap file size and the total amount of 
free disk space. The largest possible swap- 
file size is the largest available block of 
free contiguous sectors. The total amount 


of free disk space includes both contigu¬ 
ous and non-contiguous disk space. A per¬ 
manent swap file requires contiguous disk 
space. To create a larger contiguous hard¬ 
disk block space, run a disk-optimization 
program, such as DOS’s DEFRAG or PC- 
Kwik. However, the maximum swap file 
size can never be larger than half the 
available free disk space, regardless of the 
size of the contiguous block area. 

Windows usually recommends a swap 
file size equal to the amount of RAM in 
the system. Under ideal conditions, you 
can push it to about three times larger than 
system RAM, but not larger. For example, 
on a 4M system you can’t use a swap file 
that’s larger than 12M. If you choose to 
create a 20M swap file, you’ll be wasting 
disk space because there isn’t enough lin¬ 
ear address space to access the extra 8M. 

A permanent swap file consists of two 
parts: SPART.PAR and 386SPART.PAR. 
SPART.PAR is a read-only file located in 
the Windows directory. 386SPART.PAR 
is a hidden file located in the root directo¬ 
ry of the drive. If all else fails, delete the 
Windows directory using DELTREE and 
delete the hidden file using a combination 
of the ATTRIB -h 386SPART.PAR and 
DEL 386SPART.PAR commands. Then 
reinstall Windows from scratch. 

Slow OS/2 Windows 

Q: When loading Windows applications, it 
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seems to take forever. Moreover, it doesn't 
matter whether it's the first, second or last 
application loaded. I have a 486DX-66 PC 
with 16M of RAM and a 530M hard disk. Is 
this an inherent OS/2 problem, or some¬ 
thing wrong in my system? 

A: What’s really happening is that you’re 
loading a DOS session, starting Windows 
in the background, and then OS/2 loads 
your Windows application. Loading the 
next Windows application has to go 
through the same procedure. So it takes 
about as long as booting up your PC with 
DOS and Windows. Here’s a trick the ex¬ 
perts use to reduce the overhead. 

Run a small Windows program, such as 
Berkeley’s After Dark for Windows , when 
you first power up your computer in OS/2. 
You can automate the process by adding a 
copy of the application icon to the Startup 
Folder. Starting this application will be 
slow. But when you start the next Win¬ 
dows application, OS/2 doesn’t have to 
load another copy of Windows. It runs the 
new application in the same Windows ses¬ 
sion, which speeds up things considerably. 

Recycling Lost Clusters 

Q: When I run CHKDSK, / get the follow¬ 
ing message: 

Errors found, F parameter not specified 

Corrections will not be written to disk 

3075 lost allocation units found in 25 
chains. 

6297600 bytes disk space would be freed 

/ really need that 6M of disk space back. 
What's wrong and how can / fix this? 

A: CHKDSK isn’t one of the best disk 
doctors around, but it comes free with 
DOS. It’s primary function is to check for 
lost clusters (allocation units) that have 
been marked as unusable by DOS’s File 
Allocation Table (FAT). Lost clusters 
most commonly occur when a program 
crashes. If the lost clusters are a result of a 
recent program crash or operator error, 
and you want to recover the files, don’t 
run CHKDSK. Instead, use a disk-recov¬ 
ery utility, such as Norton Utilities or PC 
Tools , from a floppy disk. 

CHKDSK won’t recover the damaged 
file. It simply puts the lost clusters back 
into circulation for use again. To recycle 
the lost clusters, specify the /F switch (for 
example, CHKDSK /F). You’ll then be 
asked if you want to “Convert lost chains 
to files? Y/N.’’ If you choose the Y option, 
CHKDSK will turn the lost clusters into 
files with a .CHK extension. At this point, 
you haven’t gained anything in the way of 
extra disk space, just the opportunity to 
look at the lost clusters if you wish. To 
open up the disk space (about 6M in the 
example above), you have to choose the N 
option before you choose Y or delete the 
.CHK files afterward. ■ 
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By Ted Needleman 


Microcomputer Musings 

Troubleshooting Windows Problems and 
Helping Kids Learn to Read Well 


I’m really ambivalent about Windows. On the one 
hand, I love it. I love the applications that are avail¬ 
able and the way that the GUI (Graphical User Inter¬ 
face) jump-starts productivity. Mind you, you can be 
just as productive with a DOS application or one on 
a mainframe, for that matter. But both the Windows 
and the Macintosh interfaces get you up to a higher 
level of productivity more rapidly. In my mind, this 
is the real value of using Windows. 

On the other hand, though, when something 
doesn't work right in or with the Windows environ¬ 
ment, it's frequently a real bear to fix. Windows is a 
very complex set of interlocking programs and files. 
If the right portions aren't loaded when they're sup¬ 
posed to be, or if one segment of Windows can’t find 
another part where it’s expected, you’ve got big trou¬ 
ble. Add in interrupts, DMA channels and device 
drivers, and you’re set to live in interesting times. 

There are a number of utilities that can help in 
troubleshooting Windows problems, but the one I 
seem to be using most in recent months is a new en¬ 
try— WINprobe from Landmark Research Interna¬ 
tional Inc. Landmark’s been around for quite a num¬ 
ber of years. Old timers will remember the Land¬ 
mark Speed Test. For a while, before everyone start¬ 
ed developing their own benchmarks, this was one 
of the most-frequently quoted measures of perfor¬ 


mance. Landmark has just come out with a new ver¬ 
sion that’s fabulous—the Landmark Speed Test For 
Windows 3.0! 

Technicians and troubleshooters are also familiar 
with Landmark. They bought SuperSoft’s Sendee 
Diagnostics product a number of years ago, and 
market other popular troubleshooting products like 
the KickStart board. 

WINprobe can be used to help zero in on the 
cause of a problem or, more likely, to optimize your 
Windows setup. When you run WINprobe , you’re 
presented with a picture screen of a PC that gives 
gross system information, such as amount of in¬ 
stalled RAM, number and types of hard and floppy 
disk types and capacities, CD-ROM and audio card 
(if installed) and type of video monitor and video 
available. A comprehensive button bar that runs the 
length of the bottom of the window can be used to 
access the rest of the functions, as can the pull-down 
menus at the top of the window. By clicking on the 
proper icon (or menu choice), you can test just about 
any component of your PC, from hard disk to the 
unit’s RAM chips. You can even test the PC’s print¬ 
er and COM ports. 

What I really like about WINprobe are its Installa¬ 
tion Wizard and Tune-Ups. Installation Wizard is a 
simple report that tells you which IRQs, memory ad- 



This WINrobe screen shows hardware status of computer. 
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Win:Probe v2.1a 


file Edit Blag Disk Hardware Memory Net OpSys W»n Help 


Windows Tune-Up Suggestions: 

SMARTDfivc deieved-wnte.gacteg 

You system has 'deleyed wnte' caching activated This means that 
when you save files, they may not be immedeately wrtten to disk. If 
you reset 01 reboot you computer often each day, it is generally 
safer to disable SMART Drive's delayedwrite. This wfl safegard you 
fifes from becoming corrupted 

To do this, add the drive tetter of each of you hard disks to you 
SMART Drive command line. An example would be: 

SMARTDRVcdxxxxxxxx 

For futher information, refer to SMARTDtive documentation 

Di&flrtifflgtfign 

Over time, data stored on hard disks becomes fragmented This means 
that fifes are stored in many smal pieces instead of contiguous 
blocks. White this is normal and results from everyday use. it stows 
down you entire system This is especialy true under Windows. 

Performing periodic optimization on you hard disk wi improve 
overal Windows performance considerabb>. This can be done with any 
of a number of disk optimization programs on the market. It is 
extreme^ important that you run such programs under native DOS (not 
in a DOS box under Windows) and disable any disk caching software 
h*L 


System Usage: 



Windows v3.10 Enh 


8048BDX/66.52M H z 

System Resrc: 7E% 
Free Phys Mem: 2740K 
■I Optimize Memory 

Cache Hit Rate: 912 
Open Files: 16 


Tasks Running. 5 


Modules Open: 44 

02/18/94 08:52:37 


1111111 


Windows Tunc Up Suggestions 


WINNprobe's Windows Tune-up Suggestions screen’s hints on how to optimize Windows. 


dresses and DMAs are free and which are 
being used (and for what devices.) By run¬ 
ning Installation Wizard while I'm config¬ 
uring a new peripheral, I can immediately 
set the device to avoid conflicts. The con¬ 
venience of not having to continuously 
open the PC’s system unit to try different 
IRQs and DMAs makes WIN probe worth¬ 
while all by itself. I also really like the 
software’s “Tune-Ups.” 

WINprobe's Tune-Ups are a set of 
reports, displayed on-screen or printed to 
the Windows print device, that tell you 
what changes can be made to the SYS¬ 
TEM.INI and WIN.INI files to improve per¬ 
formance. In my case, it advised me to 
turn off SMARTDRIVE’s delayed-write 
caching (a very good idea, by the way) by 
inserting the drive letters of my hard disks 
in the SMARTDRIVE command line. It 
also advised me to optimize my hard disk 
and change a number of SYSTEM.INI vari¬ 
ables. Since it indicated that these last two 
changes would probably not do much for 
overall performance, I disregarded this 
particular bit of advice. 

Running Tune-Up on my WIN.INI file 
was an eye-opener. There were two pages 
of references to files that no longer 
resided on my hard disk. This is a major 
problem with Windows applications in 
that when you delete an application from 
your disk, there can be numerous refer¬ 
ences to the now-defunct application in 
various .INI files. Printing out the report 
made it possible for me to delete now- 
obsolete file references. One thing I 
noticed that WINprobe doesn’t do is check 
the FONTS section of the WIN.INI file for 
duplicate entries. My greatest im¬ 
provement came from going through the 
truly humongous list of TrueType files and 
pruning those I never use. Keep in mind 
that many applications automatically 
install fonts, even if you’ll never use 
them. Having them in WIN.INI’s FONT list 
doesn’t slow up your applications, but it 
certainly can slow up your Windows start¬ 
up procedure. Mine dropped from almost 
20 seconds down to about 5 seconds when 
I cleaned up my FONT list and made the 
changes suggested by the Tune-Up 
reports. 

There’s also a Tune-Up report for GRP 
lists. This diagnostic examines each pro¬ 
gram group you’ve created and tells you 
where programs no longer exist. You can 
have an icon in the program group long 
after you’ve deleted the program. 

WINprobe has lots of nice features 
beyond the two that I’ve detailed here. For 
example, a click on the Memory 
Optimization button returns memory to 
Windows that applications may not have 
released when they finished running. 

Landmark includes two additional soft¬ 
ware products in the box when you buy 


WINprobe. PC Certify is a similar utility 
that runs under DOS. Obviously, it 
doesn’t give you Windows -related infor¬ 
mation like the Tune-Up reports or 
Memory Optimization. But for diagnosing 
hardware problems, it’s just as useful. 
More so actually, if you’re not primarily a 
Windows user. 

The third product in the bundle is 
Landmark DOS For Windows. DOS For 
Windows is kind of a strange product to 
me. It gives you a fully scale-able DOS 


window that lets you run DOS programs 
and execute all DOS commands from 
within Windows. It’s a bit nicer to use 
than the MS-DOS shell that Windows 
itself provides but not so much that I’ve 
bothered to let it stay on my hard disk. If 
you’re basically a DOS user, you’re not 
going to spend a lot of time shelling out of 
Windows into DOS. You just won’t load 
Windows until you want to run a Windows 
application. Maybe I’m just missing the 
point with this program. 



Installation Wizard is a simple IRQs, memory-address and DMA status report. 
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MOTORCYCLES 


METRIC MOOSE 


© The next day, Mr. Ratburn announced a spelling test for 
Friday. 'T want you to study Yery hard," he said. "The test will 
have a hundred words." Buster looked pale. "And," continued 
Mr. Ratburn, "the two students with the highest scores will 
represent our class at the all-school spellathon." 


Arthur’s Teacher Trouble from Broderbund is a CD-Rom story from a children’s book 


All told, 1 think Landmark has a winner 
in WINprobe. For $99, it’s already saved 
me more time in troubleshooting device 
conflicts than my company would have 
had to pay me to sit on the phone with 
several technical-support people. That’s 
why we buy these utilities, and it’s always 
nice when they prove their worth. 

Reading is FUNdimental 

Yep, it’s almost here. Summertime! Cook- 
outs, vacations, sunburns and, if you have 
them, kids finished with school until Sep¬ 
tember. If they’re anything like my four, 
they spend the first two weeks in heaven 
and the rest of the summer whining about 
not having anything to do. You could ship 
them off to camp, of course, but if they do 


spend the summer at home, why not let 
them use your multimedia-equipped PC to 
build and improve an essential skill and, at 
the same time, have a ball doing it? 

The skill I’m talking about is reading. 
While I’m not an educator, as a parent, I 
feel that the ability to read and do it well 
is just about the most-important skill any 
of us ever learns. It permits us to commu¬ 
nicate with people who aren’t physically 
present or, for that matter, may not even 
be alive. Of course the fact that this form 
of communication isn’t interactive limits 
it somewhat when compared to chatting 
face to face or over the phone, but the 
written word is still an extremely effective 
way to convey information (as demon¬ 
strated by your reading this column). 

I’m a voracious reader, and to be hon- 



Bailey’s Book House from Edmark is aimed at a slightly younger audience. 


est, pretty undiscriminating in what I read. 
Classics, trashy novel, science fiction, 
murder mysteries, junk mail...it doesn’t 
matter, I read them all. But until I watched 
my kids struggling with learning to read. 
I’d forgotten how difficult a process learn¬ 
ing how to read well really is. If you stop 
to think about it, reading involves pattern 
recognition and memorizing words, dis¬ 
crete analysis (phonetically sounding out 
words letter by letter) and the understand¬ 
ing of the myriad rules that govern the ex¬ 
ceptions. With all that has to take place, 
it’s not surprising that Johnny has difficul¬ 
ty learning to read. It’s amazing that he 
ever does. 

The right software can help a lot with 
this difficult task. My three youngest (7, 7 
and 5 years of age) have been working 
with a number of programs recently that I 
think you’ll find to be really helpful if you 
have or know of kids who are just starting 
to read. They all qualify in my mind as 
“multimedia” in that they make good use 
of both visuals and sound. All three re¬ 
quire at least a 386 PC with a sound card 
to really be effective. Two of these, Bro¬ 
derbund’s Arthur’s Teacher Trouble and 
Digital Theater’s The Reading Carnival 
are on CD-ROMs and require at least an 
MPC Level 1-compliant system (single¬ 
speed CD-ROM drive). The third, Ed¬ 
mark’s Bailey’s Book House , is a floppy- 
disk-based program. At the most basic 
level, all three use a similar approach. 
They all allow the child to read along with 
the activity, sounding out the words and 
then letting the computer “read” it to them. 

A beginning reader can just let the com¬ 
puter read the story to him, which is a 
good way for him to start recognizing 
words. The exact way these techniques are 
implemented, and the extent of other ac¬ 
tivities that each product offers, is where 
the products vary from each other. 

The most traditional “book” is Broder- 
bund’s. In some ways, it’s the most 
charming. Broderbund was one of the first 
companies to embrace this technology, 
and Marc Brown’s Arthur’s Teacher 
Trouble is one of the company’s Living 
Books series of CD-ROM-based adapta¬ 
tions of popular children’s books. Arthur 
(who is a mouse) is selected to participate 
in the school-wide spelling bee by his 
fifth-grade teacher, Mr. Ratburn. This sur¬ 
prises everyone, including Arthur, and the 
way he handles this challenge forms the 
basis for this charming story. The Living 
Book can be played in English or Spanish, 
and you can have the PC read the story to 
you (the words appear on the page, just as 
with a paper book) or you can go through 
the story page-by-page interactively, 
clicking on objects and characters. Click¬ 
ing on the text has the PC “read” it, while 
clicking on objects frequently results in 
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A screen from Digital Theater’s The Reading Carnival . 


unexpected actions. Characters, as well, 
may make a comment or movement when 
clicked on. 

My five-year-old daughter absolutely 
loves Arthur. It’s become her favorite 
“book”. She also likes playing with Ed- 
mark’s Bailey’s Book House. On the other 
hand, my seven-year-old twins prefer 
Digital Theater’s The Reading Carnival. 

The Reading Carnival has six shorter 
stories, including several Superhero sto¬ 
ries like Bold Beaver (it’s a lot cuter than 
it sounds—Bold Beaver and his friends 
save the dam), which can be used either 
interactively, clicking on areas of the 
screen, or by letting the PC read to you. 
None of the stories is quite as engrossing 
as Broderbund’s Arthur, but in addition to 
the stories, there are a lot of other activi¬ 
ties. There are animal games that let you 
click around the screen to find Hot Spots, 
digitized animal photos, and even spelling 
games that challenge your child to make 
words from the letters of various animal 
names. My kids hate doing this when they 
get it assigned as homework at school 
(and they do get assignments that are very 
similar to these “games”), but they some¬ 
how really enjoy the exact same process 
when it’s a computer “game.” 

The most frequently used feature of The 
Reading Carnival in my house is the col¬ 
oring book. These screens are based on 
the stories and other activities and provide 
a set of outlines and rudimentary drawing 
and painting tools. The twins’ PC is 
hooked up to a color DeskJet printer, and 
they just love to come over with their lat¬ 
est “masterpieces.” 

My one small criticism of The Reading 
Carnival is the music that plays during the 
short interval while a new screen loads. 
Don’t get me wrong, it’s a very bouncy 
and upbeat tune, and I liked it a lot. At 
least I did the first 30 or 40 times I heard 
it. But listening to the same eight or 10 
bars for hours on end drove me to the 
point of screaming “Close your door!” at 
the kids. I’d think that it wouldn’t be all 
that difficult to have a number of tunes 
alternate. There’s plenty of room on the 
CD-ROM disc. To be fair, though, the 
repetition doesn’t seem to bother Bryan 
and Scott in the slightest. It’s a bit scary to 
see them pretty much ignore something 
that I find extremely annoying, but it does 
serve to explain why I frequently have to 
tell them the same thing a dozen times or 
so before they do it. At least I now know 
it’s not just me! 

The third product of the group, Ed- 
mark’s Bailey's Book House , is aimed at a 
slightly younger audience. Edmark has 
labeled this product “Reading Skills For 
Ages 2 to 6 Years.” I doubt that many 
two-year-olds are going to operate this 
program on their own, but I think they’ll 


love watching mommy or daddy clicking 
on the activities. Bailey ’s consists of a 
number of discrete activities, each of 
which operates in either a free-wheeling 
“explore-and-discover” interactive mode 
or a more-directed Q&A mode. The activ¬ 
ities, accessed through the main menu 
(which is really a picture of Bailey the 
Bear’s living room) include The Letter 
Machine, Edmo & Houdini, Read-A- 
Rhyme, Kid’s Cards and Make-A-Story. 
Each of these presents elementary reading 
and letter-acquisition skills in slightly dif¬ 
ferent ways. 

For instance, the Make-A-Story section, 
reached by clicking on the bookshelf in 
Bailey’s living room, takes your child 
screen by screen, presenting him with 
choices that result in a customized story, 
which can then be printed out. In the first 
screen you choose the character, the sec¬ 
ond lets you choose a vehicle, then a place 
to travel to, and so on. As you click on the 
different objects, the computer displays 
the words or names that correspond to 
them and pronounces the words. 

Other sections have different activities 
but work in a somewhat similar manner. 
For example, in the Letter Machine, the 
child is presented with a keyboard. Press¬ 
ing a key displays the upper and lower 
case of the letter, and a sentence with 
words starting with this letter is displayed 
and then read out loud. Finally, an animat¬ 
ed picture finishes the letter. 

In Q&A mode, a giraffe asks you to 
find a specific letter. On the third unsuc¬ 
cessful try, only the row of keys that con¬ 
tains the requested letter is displayed. Af¬ 
ter the forth try, only the key asked for is 
shown. When clicked on, the screen pro¬ 
gresses as above. 

With five different activities, it’s a 
cinch that your kids will find at least one 
they really like in Bailey’s Book House. 
Karin, who’s five, likes the Make-A- 
Story, Letter Machine and Kids Cards. 


The last lets them make a variety of sim¬ 
ple greeting cards. 

The software industry has coined a new 
term, “Edutainment,” for this kind of soft¬ 
ware. Software that entertains as it teaches 
may have a new name, but it isn’t really 
that new a phenomenon. Apple Computer, 
along with Tandy and Commodore, were 
all largely built around software similar in 
concept, if somewhat cruder in execution. 

The true test of software, at least in my 
house, is whether or not the kids go back 
to it more than a few times. Not every kid 
loves every product or activity, but as a 
group, my hoard loves all three of these 
packages. And that’s about the best rec¬ 
ommendation a father can get or give. ■ 


Products Mentioned 


WINprohe , $99 

Landmark Research Int’L, Inc. 

703 Grand Central St. 

Clearwater, FL 34616 
Tel.: 800-683-6696 

CIRCLE NO. 131 ON FREE INFORMATION CARI) 

The Reading Carnival , $49.95 
Digital Theater, Inc. 

5875 Peachtree Industrial Blvd., Ste. 150 
Norcross, GA 300092 
Tel.: 800-344-8426 

CIRCLE NO. 132 ON FREE INFORMATION CARD 

Arthur’s Teacher Troubles , $39.95 
Broderhund Software 
500 Redwood Blvd. 

Novato, CA 94948 
Tel.: 415-382-4600 

CIRCLE NO. 133 ON FREE INFORMATION CARI) 

Bailey’s Book House , $49.95 

Edniark Corp. 

6727 185 Ave. NE 
PO Box 3218 

Redmond, WA 98073-3218 
Tel.: 800-426-0856 

CIRCLE NO. 134 ON FREE INFORMATION CARI) 
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Economy Loser Pointer 



Output: 2.5 mW (max.); Current 90-150 mA 
Oper. Volt: 2.2-2.5V;Wi: 820 nm- Infrared 
Size: 11 mm dia. x 27 mm l; Dota sheet inc. 



Block anodized aluminum barrel; Glass lens 
with 7.5mm focal length. Fits 9mm loser 
diodes sold below, easy to focus and install. 


Stock# 1-9 10-24 25+ Stock# 1-9 10-24 25+ 

SB1052 49.99 4739 427T LSIENS ' 24.99-2374- TUT 



Proaroms all EPROMS, EEPROMS, including 
flash memories. Programs microcontrollers 
with optional odopters. Complete with 
software, proqromming module, cable & 
manual. Single Device programming. 

Slock# 1-9 10-24 25+ 

R0MMAX 159.99 151.99 136.79 



Erases up to 9-28 pin or 6-40 pin eproms. 
Built-in presettable timer with LED interval 
indicator. 

Stock# 1-9 10-24 25+ 

IA6T 89.99 85.49 76.94 



• 5 mW output (max.) 

•670nm 

•5.75* long 

• 2 AAA bott. (inc.) 

Stock# 1-9 10-24 25+ 

B500 99.99 94.99 85.49 


Laser Module 



• < 4.5 mW output 

• 20 mm dia. x 70 mm long 

• 150 meters range 

Slock# 1-9 10-24 25+ 

Gfi4l 9979 $479 5W 


76 More 
To Believe 


Reasons 



Switching Power Supply 


•l 15/230 V inpul 
•41 watt 

•5v@3.75A,12v@1.5A,-12v@0.4A 

•7*lx5.25*Wx2.5*H 

Slock# 1-9 10-24 25+ 

PS1003 19.99 1879 UW 


Electronic Experimenters Kit 

Professor Sparky, world famous 
inventor, lakes you on an entertaining 
voyege into the world of electronics. Mo 
previous knowledge is needed. Choice 
of 110 (X1000) or 174 (X2000) 
problem free instructional electronic 
experiments. 


Stock,# 
XI000 
X2000 

1-9 

43.99 

79.99 

10-24 

41.79 

75.99 

25+ 

37.61 

68.39 





Laser Diodes 


Stock# 

Mfr. 

Wavelength 

Output 

1-9 10-24 

25+ 

LS9200 

Toshiba 

670nm 

3mW 

39.99 37.99 

34.19 

LS9211 

Toshiba 

670nm 

5 mW 

59.99 56.99 

51.29 

LS92I5 

Toshiba 

670nm 

10 mW 

109.99104.49 

94.04 

LS022 

Sharp 

780nm 

5 mW 

13.99 13.29 

11.96 

SB1053 

Phillips 

820nm 

10 mW 

10.99 10.44 

9.40 



PLUS 


Low Prices 

0 

Super Selection 

0 

Prompt Service 

0 

Free Shipping 

0 

Order Toll Free 
1800 ) 824-3432 


Protoboard Design Station 


Slock# 1-9 10-24 25+ 

PB503 '29979-2M79-25679" 



Includes expanded 
instrumentation breadboard, 
ond power supply. Ideal for 
aidog/digitol/microprocessor 
circuits. Frequency and 
function generators, voriable 
outputs, logic indicators, 
speaker & more. 


Programmable Robotic Kit 


m 


O' 


v 


The pen mechanism included with the robot allows 
it to draw. In addtion to drawing straight lines, it 
con also accurately draw circles, and even draw 
out words & short phrases! MV961 comes with 
128x4 bits RAM and 2K ROM, and is 
programmed directly via the attached keypod. 
With its built-in connector port, ond the optional 
interface kit (WIII3M), MV961 is ready to 
communicate with your PC! The interface kit 
allows editing and transferring of any movement program, as well os saving and 
loading of programs. 


6 


Stod 

MV96T 

WIIIBM 


~ 7 $ 3 $~ 

39.99 


10-24 

75.99 

37.99 


25+ 

"60r 

34.19 


Robotic Arm Kit 


Fascinating ond educational, with lifl/lower, 
arab/release, ond pivot left/right functions. 
Uses 2 C batteries (not inc.); opprox. 10* 
long. Use Y01 IBM interface to progrom from 
your PC! 

block# 1-9 10-24 25+ 

Y0l-4199-417$ 37JT 

Y01IBM 39.99 37.99 34.19 


1 /4 Ton IDC Bench 
Assembly Press 

Rotating base plotc 
and platen. No tools 
required to change 
plates/cutting 
accessories. 

Additional accessories 
available. Weighs 5.5 
lbs. 10* Lx 8.75* w 
x9*H 

Stock# 1-9 10-24 25+ 

PV505 149.99 142.49 128.24 



Computer Care Kit 



A complete computer core kit. Contains 
deoning diskette, head-cleaning fluid 
cleaning swabs, anti-static cleaner, anti static 
screen wipes. SB1099 for 3.5* drives, SB1100 
for 5.25* drives. 

Stock# 1-9 10-24 25+ 

- tt~ 


SBT5$$ 379 

SB1100 3.99 


it r 

3.79 


3.41 


Vacuum Base Vise 



Panavise PY38I is a versatile, portable bench 
vise, a holf turn of the mount lever attaches 
or releases the powerful suction pad and 
allows rapid set-ups in a variety of locations 
on smooth, non-porous surfaces 
Stock# 1-9 10-24 25+ 

PV381 473$ 4579 W 


Telephone Kit 

Build this high- 
tech, see-thru 
plastic telephone. 

Learn theory on 
how telephones 
work. Flashing 
neonlomps 
when phone 
rings. Redial 
system and wall 
mount included. Comes complete with 
manual 

Stock# 1-9 10-24 25+ 

PT223K 15.99 15.19 13.67 



Order Line — (800) 824-3432 
Fax Orders —(818) 998-7975 


• International Orders — (818) 341 -8833 

• Technical Support — (818) 341 -8833 

Min. Order — $15.00 • UPS Blue, Red, & Fed. Ex. Shipping Avail.® CA Res. Add 8-1 / 4 % Sales Tax 
• Open Mon-Fri 9:00 AM - 5:00 PM (PST) • Corporate Accounts / Quantity Discounts Available 
•Call For FREE Catalog ($2.00 Outside U.S.) • We Carry A Complete Line Of Electronic Components 
*FREE Shipping On Pre-Paid Orders Delivered In The Continental United States 

Unicorn Electronics 
1OOOO Canoga Avenue, Unit C-2 
Chatsworth, CA 91311 



CIRCLE NO. 105 ON FREE INFORMATION CARD 



















































































By Tom Benford 


Multimedia 

A 3D Surround-Sound Audio Card With 
Wavetable Synthesis for Less Than $300 and 
a Sampling of Multimedia CD-ROM Titles 


There are so many interesting and exciting tilings 
happening in multimedia that it’s difficult to keep 
track of it all. For example, the trend in sound-card 
design is definitely leaning towards wavetable syn¬ 
thesis, rather than being FM-based. Even Yamaha is 
jumping on the bandwagon with its OPL4 chipset, 
which combines FM- and wavetable-based sound. 
This being the case. I'll start this column by taking a 
look at a wavetable-based card that has good sound, 
a rich assortment of unique features and an afford¬ 
able price tag. 

Sound Card 

Alpha Systems Labs’ $299 Cyber Audio/SRS sound 
card made its debut at COMDEX in November 1993 
and attracted lots of attention for a number of rea¬ 
sons. The card features 3D surround-sound, utilizes 
wavetable synthesis, is General MIDI-compliant and 
has an integrated digital signal processor. Among 
other features—which include extensive voice-rec¬ 
ognition capabilities and SoundBlaster and AdLib 
compatibility—these make it quite a package for un¬ 
der $300 suggested retail. 

This three-quarters-length card requires a 16-bit 
slot for installation. Mounted on the card is a daugh¬ 
terboard that contains the SRS chip and support cir¬ 
cuitry that endows the Cyber Audio/SRS with its 
uniquely spatial “surround-sound” capabilities. In 
effect, what this does is give the sound increased 
audio ambiance so that it seems to be coming at 
you from all directions, rather than just the left and 
right speakers. 

I was skeptical of this capability until I spent 
some time experimenting with different placement 
settings that permit the user to locate the source of 
the sound anywhere in the room he desires. The 
thing that impressed me most about this surround- 
sound effect is that I still got the same 3D effect 
even if I changed position with relation to the speak¬ 
ers. I could walk around without losing the stereo 
effect. This increased ambiance really adds to the 
realism of simulations, games and multimedia appli¬ 
cations that incorporate sound effects and music. 

Even with the SRS daughterboard in place, the 


Cyber Audio fits within the width of one expansion 
slot on a PC bus and shouldn’t interfere with any 
adjacent boards in most installations. According to 
ASL, the components of the daughterboard are being 
integrated into the main sound card. So the models 
available by the time you read this should be a sin¬ 
gle-stage unit that’s devoid of the daughterboard. All 
of the same features and functionality will be re¬ 
tained. For older cards, the SRS feature will be an 
optional upgrade chip retailing for about $50. Essen¬ 
tially, the base card will carry a $249 suggested list. 
So adding the surround-sound capabilities will bring 
the price up to $299 suggested retail. 

Installing the SRS upgrade will be like adding a 
math coprocessor to your PC’s motherboard. You 
merely plug the SRS chip into the socket provided 
for it on the main card. 

Cyber Audio/SRS’s input/output options are quite 
good. Stereo miniature phone jacks are provided on 
the mounting bracket to accommodate external au¬ 
dio input, audio output, auxiliary/CD audio input 
and a dual-purpose 15-pin D-shell joystick/MIDI 
connector. An internal four-pin connector is also 
provided on the board for accommodating CD audio, 
and a 50-pin SCSI connector is integrated into the 
Cyber Audio/SRS. The well-written user’s manual 
notes that since the internal CD audio input is con¬ 
nected to the auxiliary connector, one or the other— 
but not both—should be used. 

Other components on the main card include a 
DSP (digital signal processor) chip, an Adaptec 
SCSI controller chip, an audio control chip that han¬ 
dles the direct-memory-access (DMA) functions and 
1M sound ROMs in which the wavetable samples 
are stored. 

Jumpers and DIP-switch blocks are provided for 
changing the hardware configuration settings from 
the factory defaults, although the defaults should 
work without a problem in most cases. The factory 
default configuration for interrupts are: 

IRQ5 Sound Blaster Emulation 

IRQ2 MIDI Interface 

IRQ10 Aria Digital Audio System 

IRQ12 SCSI Interface 


Factory default DIP-switch 
settings of the Alpha 
Systems Lab Cyber 
Audio/SRS audio card. 
This switch block and four 
jumper blocks provide a 
good range of configura¬ 
tion options to overcome 
conflicts with other 
installed peripheral 
devices. 
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Cyber Audio/SRS’s utility applications include: the Mixer applet (upper-left) that contains a Reverb 
button that launches the Reverb Control applet shown below it. The Aria Listener applet (upper- 
right) is used for “training” the card and creating new voice-recognition vocabularies, and the Aria 
DSP Monitor permits adjusting recognition thresholds and related settings for the card. 


Default I/O ports are: 

220H Sound Blaster Emulation Base 

Port 

290H Aria Base Port 

330H MIDI Base Port 

340H SCSI Base Port 


DMA channel defaults are: 

CH 1 Sound Blaster Emulation 

CH 2 Aria System 

Other miscellaneous defaults include: 

AdLib Decode Enabled 

Joystick Port Enabled 

Joystick Speed Normal 

Since, by default, the joystick port is 
enabled, it may present a conflict with a 
joystick port that exists on another card in 
your system. Disabling either the Cyber’s 
joystick port or the port on the other card 
will resolve the conflict. 

Jumpers are provided for user selection 
of the interrupt and DMA channels for the 
Aria digital audio system, Sound Blaster 
emulation, MIDI interface and SCSI inter¬ 
face. Four small jumper blocks with head¬ 
er caps are provided for changing these 
settings. 

An eight-position DIP-switch block is 
also located on the card for changing addi¬ 
tional configuration settings. Here’s a sum¬ 


mary of the switch defaults and their op¬ 
tional settings (factory defaults for the 
card as shipped are shown in bold): 

DIP Switch 1 and 2—Aria Base Port 


Address: 




swi 

SW2 



OFF 

OFF 

= 

280h 

ON 

OFF 

= 

290h 

OFF 

ON 

= 

2A0h 

ON 

ON 

= 

2B0h 


DIP Switch 3—SoundBlaster Base Port 
Address: 

ON = 230h OFF = 220h 

DIP Switch 4—MIDI Base Port 
Address: 

ON = 320h OFF = 330h 

DIP Switch 5—AdLib Base Port 
Address 388h Decode: 

ON = disabled OFF = enabled 

DIP Switch 6—Joystick Port: 

ON = enabled OFF = disabled 

DIP Switch 7—Joystick Speed: 

ON = fast OFF = normal 

DIP Switch 8—SCSI Base Port: 

ON = 140h OFF = 340h 


No special skills or proce¬ 
dures are required to install the 
card. Since the default settings 
will generally work in the vast 
majority of instances, all that’s 
required is for you to plug the 
card into an available 16-bit PC 
expansion slot and make some 
I/O connections (CD-ROM 
audio output, speakers, CD- 
ROM interface, etc.). Once 
you’ve done this, you install 
the software. Software installa¬ 
tion is a highly automated task 
that you can complete in just a 
few minutes, especially if you 
use all the default values. 

In addition to Voyetra’s 
AudioStcition software. Cyber 
Audio/SRS also comes with 
Voice Macro software. This 
application is a voice-recogni¬ 
tion package that enables the 
PC to respond to your spoken 
commands in DOS games (pro¬ 
vided they’re Aria-aware, or 
engineered to recognize and 
use the Aria chip’s capabilities) 
and Windows 3.1 and Windows 
applications. 

Voice Macro is fairly sophis¬ 
ticated in its speaker-indepen¬ 
dence. It’s able to correctly rec¬ 
ognize spoken commands in the vast 
majority of instances, regardless of your 
vocal quality or rate of speech. While it 
isn’t infallible, it does work much better 
than I expected it to and better than some 
of the third-party voice-recognition pack¬ 
ages currently available. This is a very 
nice extra feature that’s included at no ad¬ 
ditional cost. The system is capable of un¬ 
derstanding 125-word vocabularies. An 
unlimited number of vocabularies can be 
stored and loaded, as required. 

The on-board Aria synthesizer can play 
32 stereo voices simultaneously in eight 
amplitude-envelope states. The synthesiz¬ 
er is General MIDI-compliant and has 128 
instrument samples stored in its 1M of 
ROM. Though no ROM expansion is pos¬ 
sible with this card, the stored samples are 
quite good and should be more than ade¬ 
quate for the majority of users. Sound 
quality is certainly light years ahead of 
FM-based music synthesis. 

Cyber Audio/SRS is capable of record¬ 
ing and playing back one track of stereo or 
two tracks of monophonic sound in re¬ 
cording and playback sampling rates of 
11,22 and 44 kHz. The card isn’t capable 
of 16-bit resolution, but eight- and 12-bit 
resolution rates are supported. This is im¬ 
portant to note if you need 44-kHz, 16-bit 
sampling for your work (such as in prep- 
ping Redbook audio tracks for CD master¬ 
ing or DAT recording). If you aren’t going 
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Late-night cable TV movie maven Gilbert Gottfried hosts Medio’s Midnight Movie Mad¬ 
ness CD-ROM, which contains cast, production information and full-motion video clips of 
100 of the most (un)forgettable “B” movies ever produced. 


to be performing tasks like these, the 12- 
bit resolution will prove to be more than 
satisfactory in most cases. 

This card also supports ADPCM (adap¬ 
tive differential pulse code modulation) 
compression of up to 4:1 ratio at a 22-kHz 
sampling rate to keep sound quality high 
while conserving disk space. 

Mixer application provided with this 
card can handle three stereo and six mono¬ 
phonic channels, and 256 volume-level 
control settings are possible per channel. 
Since all audio volume adjustments are 
software-controlled, no mechanical adjust¬ 
ment control is provided on the card or its 
bracket. 

The surround-sound feature is really 
unique and works incredibly well. The 
other feature I think is really neat is the 
Cyber Audio/SRS’s DSP capabilities, 
with reverb functions taking the spotlight 
in particular. You can add reverb in vary¬ 
ing amounts and depths to any sound 
played through the card, .WAV as well and 
MIDI files included. The reverb effects are 
variable from room ambiance through 
concert hall through multi-plate delays for 
echo effects. 

Cyber Audio/SRS delivers an excep¬ 
tionally rich assortment of features, capa¬ 
bilities and very good sound for a very af¬ 
fordable price. I found it to be an excellent 
value all around. 

New Multimedia 
CD-ROMs 

The multimedia snowball continues to pick 
up momentum, and the Hood of CD-ROM- 
based multimedia software is approaching 
deluge proportions. The following are 
some of the really outstanding ti- ties that 
have come my way since the last issue. 

• Midnight Movie Madness with Gilbert 
Gottfried (Medio Multimedia, Inc., 

$59.95). With a voice like fingernails 
dragging across a blackboard, late-night 
cable-TV personality Gilbert Gottfried is 
the host of this disc, which contains “trail¬ 
ers” of what may well be the worst hor¬ 
ror/sci-fi/cult movies ever produced. This 
disc is one of three titles in Medio’s Ex¬ 
plorer collection, which also includes the 
JFK Assassination: A Visual Investigation 
and Exploring Ancient Architecture. 

To give you an idea of what’s on this 
disc, see if you can summon up childhood 
memories of catching the Saturday after¬ 
noon matinee as a kid to view such cellu¬ 
loid classics as: Queen of Outer Space 
(1958), starring Zsa Zsa Gabor; The 
Screaming Skull ( 1958), which provided 
free burial for anyone in the audience who 
died of fright (an impossibility) watching 
it; Destroy All Monsters (1968), a Japan¬ 
ese offering starring Godzilla et al\ Plan 9 
From Outer Space (1959) with Bela Lu¬ 


gosi, Tor Johnson and other cronies of 
cinema noir director Edward D. Wood; 
Conqueror Worm staring my favorite vil¬ 
lain, Vincent Price; and scores of others, 
including The Blob, King Kong Versus 
Godzilla and One Million Years B.C. 

In all, this disc contains more than 40 
minutes of full-motion video-clip memo¬ 
rabilia comprised of trailers, intermission 
commercials, comedy quizzes and little- 
known facts about these movies. The 


opening video sequence is an irritatingly 
humorous introduction by Gottfried, and 
the disc is hosted by a greased-back '56 
rock-’n-roller known as “The Spirit of the 
Drive-In,” who also provides comic relief 
throughout the disc. The quizzes and trivia 
were written by a pair of former editors of 
National Lampoon , and they’re pointed 
and witty. 

This disc is so different, so novel, so 
entertaining and so full of bad-movie nos- 



Medio’s JFK Assassination: A Visual Investigation is the most-complete information re¬ 
source on this tragic event compiled to date. In addition to animation, multiple video clips 
and a wealth of still photographs and diagrams, the complete text of the Warren 
Commission Report and the book Crossfire are also included in their entirety on this disc. 
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With Exploring Ancient Architecture , you can take a stroll through Stonehenge and see it 
as the ancient Druids did during the Neolithic period. Egyptian, Greek and Roman archi¬ 
tecture are also represented, and you can depart from the programmed “tours” to explore 
and study items of interest as you desire. All of the architecture is presented as it was 
when first constructed, rather than as the ruins and rubble of its present state. 


talgia that it’s an absolute must-have for 
any cinema buff and for general reference 
purposes. Pop it into your CD-ROM drive, 
grab some popcorn and remember what it 
was like when movies cost less than $10 
million (less than $100,000 in some cases) 
to produce in yesteryear. 

• JFK Assassination: A Visual Investigation 
(Medio Multimedia, Inc., $59.95). 

Another title in Medio’s Explorer Collec¬ 
tion, this disc takes a serious and highly 
focused look at what is, without doubt, 
one of the most shocking and controver¬ 
sial events of this century. In addition to 
text, photos and audio segments, it con¬ 
tains full-motion video of the infamous 8- 
mm Zapruder film and other home-movie 
footage shot on November 22, 1963. Pre¬ 
cise computer animations that clearly 
show conflicting bullet angles and the 
complete text of the Warren Commission 
Report , as well as the book Crossfire , 
make this the de-facto reference work on 
this dark day in recent American history. 

The 8-mm home movie shot by Abra¬ 
ham Zapruder with his Bell & Howell 
camera that captured the actual assassina¬ 
tion on film is included. This clip can be 
viewed at normal and slowed speed and 
frame-by-frame. Three other home movies 
(the Nix, Hughes and Muchmore films) 
are also included to show different points 
of view of this infamous event. An assort¬ 
ment of still photos, including the “magic” 
bullet and actual morgue photos of JFK’s 


corpse, as well as autopsy diagrams, inter¬ 
views, local newspaper coverage and 
much more, are all included in this excep¬ 
tionally well-researched and well-pro¬ 
duced CD-ROM. If you’re looking for the 
most complete reference on this subject 
available, this disc is unquestionably it. 


• Exploring Ancient Architecture (Medio 
Multimedia, Inc., $59.95). The third title 
in Medio’s Explorer Collection, this disc, 
will appeal to history and architecture 
buffs and anyone who has ever wondered 
how many ancient civilizations were able 
to erect their enormous structures without 
modern construction equipment. 

The feature I liked best about this disc 
is that it let me actually walk through the 
buildings and structures that now stand in 
ruins, but my view of them was as they 
were originally. The colors, lighting and 
artifacts are seen as they were when the 
edifices were first built. You can stop, 
look around and walk in any direction to 
examine the interiors and exteriors of the 
buildings, and the 3D detail is excellent. 
While you’re exploring, you can listen to 
a narrative that explains the surroundings. 

The full-motion video is composed of 
outstanding renderings done by award-win¬ 
ning architectural animator Andrew 
McClary. Dr. Bruce Meyer, professor of 
architecture at Ball State University, did 
the historical and structural content. In¬ 
cluded in the program are comprehensive 
multimedia presentations about each of the 
time periods, the people and their cultures. 

This disc is an excellent example of 
what multimedia can be used for. I found 
it to be very educational and highly enter¬ 
taining—perhaps “fascinating” is a better 
word—at the same time. 

• American Street Rods Photo CD-ROM 
(John O’Connor Publishing Ltd., $99.95). 
Because this disc is in the Kodak Photo- 
CD format, you’ll need a CD-ROM drive 
that complies with the XA (extended arch- 



One of the 100 custom cars and trucks on the American Street Rods Photo CD-ROM. This 
is a Kodak Photo-CD-format disc that requires an XA-compliant CD-ROM drive to view. 
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itecture) specifications to read it. As with 
other Photo-CD discs, you can also view it 
with a Philips CD-I player, Kodak Photo- 
CD player or other device that’s capable 
of reading the XA format as well. 

If you’re into cars, street rods in partic¬ 
ular, this disc is really going to be your 
cup of tea. One hundred of the best street 
rods and custom trucks were professional¬ 
ly photographed at the 24th Annual Street 
Rod Nationals in Columbus, Ohio, and 
these photos are the content of the disc. 

Image quality is pristine, and customs 
from mild to wild are represented. Royal¬ 
ty-free usage rights are provided for non¬ 
commercial applications, and extended 
usage rights for commercial purposes can 
be obtained at reasonable rates. If custom 
cars are your thing, check out this disc. 

• 999+. WA V Files for Windows (John 
O’Connor Publishing Ltd., $19.95). One 
of 13 new low-priced ($19.95) CD-ROM 
titles in the Tropical Series from John 
O'Connor Publishing, this disc is a collec¬ 
tion of .WAV sound files that range the 
gamut from body noises to clips and 
quips, from movies and TV shows to 
sound effects to animal sounds to musical 
snippets to...well, you get the idea. As its 
name implies, there are more than 999 
.WAV formats on this CD-ROM—lots 
more. In fact, there are more than 1,500 
sound files in total, and they’re all in the 
.WAV format for use in Windows. 

As you can imagine, auditioning all of 
these files can take a considerable amount 
of time and would be a laborious and tedi¬ 
ous process if you were to do it from the 
Media Player accessory that comes sup¬ 
plied with Windows. Fortunately, the CD- 
ROM contains a utility applet called the 
TidcdWAVSound Player that makes audi¬ 
tioning the files a snap. This utility installs 
directly in Windows in just a few seconds. 
Once installed, you can browse the disc to 
hear such audio pearls as “fat, drunk and 
stupid is no way to go through life, son” 
(from Animal House): “as always, if you 
or any of your IM force should be caught 
or killed, the secretary will disavow any 
knowledge of your actions” (from Mission 
Impossible ); Bull winkle the Moose saying 
“hello out there in TV land;” and hun¬ 
dreds of other sound bytes. With a sug¬ 
gested retail price of $19.95, this is the 
best and least-expensive collection of 
.WAV files I’ve found to date. It’s sure to 
add some fun to using Windows. 

• UFO—This Planet's Most Complete Guide 
to Close Encounters (Software Marketing 
Corp., $59.95). If you’re one of the people 
who believe that we aren’t alone and this 
planet is the destination of alien visitors, 
this disc is definitely one you'll want in 
your CD-ROM library. It presents the 
world’s largest collection of UFO photo¬ 
graphs in the popular .PCX format for easy 
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The TidalWave Sound Player utility included on the 999+ .WAV Files for Windows CD- 
ROM makes the disc’s more than 1,500 sound files easier to audition. The disc is chock 
full of audio pearls and is one of the best under-$20 CD-ROMs available. 



These two saucer-shaped UFOs appear in one of the numerous still photos on the UFO 
disc. Scores of full-motion video clips, maps and sighting accounts make this disc invalu¬ 
able for anyone interested in the subject of unidentified flying objects. 


copying and viewing. More than 1,200 de¬ 
scriptive accounts of sightings spanning 
more than 3,000 years are also included, 
and you can view specific sightings and 
UFO events, including contact and abduc¬ 
tion reports. 

The program’s interface is very easy to 
use, permitting you to select sightings by a 
number of parameters, such as photo¬ 
graphic or motion-picture evidence, ab¬ 
duction, death, injury and psychic in¬ 


volvement, mutilations and much more. 
Most of the full-motion video clips have 
either narration or actual event sound 
tracks, including some ear-splitting UFO 
motor sounds. 

Whether or not you believe in extra¬ 
terrestrial visitation, this disc is certainly 
well-produced, exhaustively documented 
and thoroughly entertaining. If you’re 
a UFO-ologist, you will find it to be 
indispensable. ■ 
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By Yacco 


GUI Guts 

Where is the GUI Going? 


It wasn’t long ago that most PC users pooh-poohed 
the graphical interface, or GUI, for it’s consumption 
of memory, storage, and processor cycles. Some still 
do, but today the GUI interface is finally getting the 
respect it deserves. A majority of users have come to 
accept that the trade-off in greater productivity is 
well worth the cost of upgrading hardware. In the 
final equation, a small increase in fixed costs is far 
outweighed by the long-term savings of expensive 
man-hours, and as the price of increasingly hot basic 
computers has continued to fall, this equation has 
become an overwhelming factor for the vast majori¬ 
ty of business applications. 

Now, nearly every software vendor is developing 
a Windows version of its product line. Exceptions 
can be broadly lumped into two categories. One is 
simple recreational software that places a greater 
emphasis on speed of execution than on ease of use. 
Most games aren’t rich enough in options to benefit 
from menus, drag and drop and other GUI features, 
and users are basically killing time with them, any¬ 
way. Responsive play is the most-important factor. 


The other category is composed of applications that 
have their own graphical interface. By and large, 
these are graphics products, and some are already 
similar to Windows in such important characteristics 
as menus and the use of pointing devices. 

Business productivity applications typically don't 
fall into either of these categories, and they’re nearly 
all available in a Windows version (or have one on 
the way). The benefits of Windows are growing as a 
consequence of this widespread conversion. Printing 
is one example. Prior to Windows , there was just one 
widely available high-level page-description lan¬ 


guage (PDL): PostScript. The lack of competition al¬ 
lowed prices to remain high, and quality printers 
were expensive. The other widespread page-descrip¬ 
tion option was Hewlett-Packard’s PCL. It’s pres¬ 
ence in the less-expensive, and virtually ubiquitous, 
HP LaserJet printers made it popular, but it wasn’t 
nearly as powerful as PostScript. In both cases, soft¬ 
ware had to be written to support the particular PDL. 

Under Windows , applications only need to inter¬ 
face to the environment. The printer vendor inter¬ 
faces to Windows and the software is automatically 
supported. And printer vendors are taking advantage 
of this superior level of support to offer less-expen¬ 
sive printers with more features. 

Samsung Finale 8000 

Samsung’s inexpensive Finale printer line is a good 
example. It offers several emulations, including 
PostScript, PCL5, IBM Proprinter XL/24 and Epson 
FX-850 emulation. It also includes PCL5’s HPGL/2 
commands, but they’re enhanced by the polygon 

commands from Hewlett- 
Packard’s 7550 plotter. 
Hewlett-Packard PCL5 
printers support only 
7475A plotter commands, 
which lack polygon sup¬ 
port. Windows helps 
Samsung in resolution, 
speed and WYSIWYG 
ease-of-use. Finale models 
are extremely-high-resolu- 
tion printers. Ordinary 600 
X 600 printers may produce 
only 51 shades at 600 dpi, 
or they may produce as 
many as 91 grays, but only 
by reducing their resolution 
to 300 X 300 dpi. Much 
higher resolution is neces¬ 
sary to produce the addi¬ 
tional shades that create 
photo-realistic images. For 
instance, you're probably 
used to seeing 256 shades 
of gray on your monitor. 
The Finale has an ability to 
print 256 shades of gray in each of its dots. In some 
cases, the quality of Finale printers nearly rivals pro¬ 
fessional print shops. 

Samsung calls the method used to achieve it’s 
high resolution, with an inexpensive printing engine, 
HighResolution Halftone Technology. Basically, 
Finale printers electronically image a number of dots 
into each quadrant of each dot that the printer’s en¬ 
gine can mechanically address—300 X 300 in the 
HiRes and 1012 models. Even the toner is special, 
and its dots are too fine to see clearly without mag¬ 
nification. This permits these printers to offer 72-, 
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83-, 106-and 150-line-per-inch (lpi) 
screens with an effective resolution up to 
nearly 2,000 dpi. It’s incredibly detailed 
and has near-photographic quality. The 
Finale line provides this quality at prices 
beginning about $2,000, which is a small 
fraction of an image setter’s price and far 
less than the $9,000 you might pay for 
some awkward printer solutions that 
require an imaging card in your worksta¬ 
tion. 

The TrueType rasterizer included in 
Samsung’s Finale line gives these printers 
one other advantage over older printer 
technologies. That’s the ability to directly 
print the Windows 3.1 TrueType fonts as 
TrueType fonts. It permits direct use of 
Windows fonts without the up-to-30% per¬ 
formance hit that can occur when 
Windows converts its fonts for other print¬ 
ers. Without such a rasterizer, Windows 
automatically converts its fonts to the 
Type I format before downloading them to 
a printer. So, the fonts displayed on the 
video monitor’s screen aren’t precisely 
like those that appear on the printed page. 
In other words, printers that lack this sup¬ 
port aren’t quite true WYSIWYG in 
nature. 

Finale printers use the Intel i960 RISC 
processor. In one model, the 1012, 
Samsung speeds things along by using the 
latest Intel 4.0 i960 compiler to create 
firmware that runs the chip faster. The 
company claims that this pushes the unit’s 
I6-MHz. i960KA RISC processor to the 
performance levels of a 20-MHz. i960KA 
run with the old compiler code. The com¬ 
bination of its features gives the 1012 the 
ability to print complex pages at nearly its 
full rated engine speed. 

These printers also have enough memo¬ 
ry that they can build pages themselves, 
instead of requiring the host to do the job. 



Microsoft’s Windows Printing System 
includes a hardware module for Hewlett 
Packard Laser Jet II and III laser printers. 


Six-million words of memory are required 
to produce full-pages at high resolution, 
and every byte of it is standard in these 
printers. Moreover, printer memory is 
expandable to 18M bytes for the purpose 
of holding documents in the printer while 
their images are processed. As a conse¬ 
quence, a Finale printer frees the host 
computer from a lot of computation, and it 
can even be used on a small network with¬ 
out overloading it with huge bitmap traf¬ 
fic. 

Samsung expects to further enhance its 
Finale line with a 1212 model, a 12-ppm 
printer with higher-quality output, at 
Spring Comdex this year. The 1212 will 



Windows Printing System main screen from which you control all printing options. 
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Windows Printing Systems status screen gives page and time progress reports. 


be based on a 600 X 600 X 4 engine that 
will produce an effective 2,400 X 2,400- 
dpi resolution. It’s expected to have built- 
in network fax support as well. 

Microsoft Printing System 

Microsoft has also used Windows GDI 
technology to improve the performance of 
older printers. The Microsoft Printing Sys¬ 
tem includes a hardware module that 
works with Hewlett-Packard LaserJet II 
and III printers. The LaserJet IV has built- 
in bidirectional printing and works with 
the Printing System’s software engine. Ei¬ 
ther way, the system eliminates translation 
between the Windows GDI and PCL. It’s 
Windows talking to Windows. The system 
is transparent when printing from a DOS 
application. 

The Printing System offers a simple 
plug-and-go design that automatically de¬ 
tects printer resources. You simply plug 
the module into the printer’s font slot, and 
it works with the software engine. The 
product comes with TrueType fonts, and it 
provides bidirectional printing. The sys¬ 
tem also reports job status, estimated time 
to job completion and hardware status 
such as low toner, out of paper, paper jam, 
cover open, etc. 

The Microsoft Printing System is based 
on a core Resource Based Printing (RBP) 
technology, a banding technique that 
prints in lines, rather than fully-composed 
pages. With load balancing, it can split 
work between the printer and CPU and 
steal cycles when Windows is idle. Both 
the Printing System and Finale use a GDI 
model, and just as they’re by the TrueType 
engine in a Finale printer, the TrueType 
fonts produced by the Windows GDI are 
displayed the same on the printer. 

The Next Step 

While Windows has been a boon, it’s far 
from the be-all and end-all of personal 
computing. In fact, the graphical user in¬ 
terface is ultimately too limiting for the 
way humans work. As good as point-and- 
click is, a pointing device (even one de¬ 
veloped specifically for Windows like the 
Kensington Expert Mouse 4.0) requires 
you to take your hands off the keyboard to 
use it. And even a great pointer that works 
from the home row (like the one on the 
new IBM ThinkPad portables) is still con¬ 
nected to a keyboard and requires typing 
skills not everyone possesses. We'd really 
like to have our computers work with us 
the way we’ve evolved to work over mil¬ 
lions of years—with speech and intelli¬ 
gence. 

The ultimate interface would work 
much the same way people communicate 
with each other. To this end, IBM has al¬ 
ready made a leap in speech capabilities 


with a new continuous-speech-recognition 
system for it’s current offering to OS/2 
developers. Like other continuous-speech- 
recognition systems, the IBM technology 
will allow applications to recognize 
speech, not merely individual words. 


without artificial breaks in it utterance. In 
addition, the new system reportedly has a 
superior ability to recognize words with¬ 
out significant training and without re¬ 
training for differences that occur with 
colds or even between users. 



With Verbex’s Listen for Windows, you communicate by voice with your PC. 
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Verbex offers a “talk-to-your-PC” interface system in its hardware/software Listen for 
Windows package. A software-only version is available if you already have a Sound card. 


While you’re waiting for IBM to re¬ 
lease a Windows version of its technology, 
and for that to appear in new products, 
you can add continuous-speech recogni¬ 
tion with a product like Listen for Win¬ 
dows. Listen for Windows includes a 16- 
bit ISA adapter card with a high-speed 
digital signal processor (DSP) and direc¬ 
tional headset microphone for hands-free 
use. Speech interfaces for 24 programs, 
including the Program Manager, Norton 
Desktop and a number of popular applica¬ 
tions, such as AutoCAD for Windows , Mi¬ 
crosoft Office , Lotus Smart Suite , Word¬ 
Perfect , CorelDRA W, the Windows acces¬ 
sories, Asymetrix Compel , Quicken and 
Maxis SimCity and SimAnt simulation 
games. There are 10 or so general com¬ 
mands as well, such as Open File, that 
work with most Windows applications. A 
minimum 80386 processor is required in 
your computer for use with this card. 

Verbex also just announced a low-cost 
software-only version of the product that 
requires you to provide a sound card and 
microphone. A 66-MHz. 486 processor is 
recommended for use with this version. It 
also includes the same 24 application in¬ 
terfaces as the hardware-based product. 

If you’re a developer, there’s a also a 
version for you that has more memory for 
faster processing. The developer version 
includes additional software that produces 
speech response from high-quality com¬ 
pressed speech files (not synthesis). You 
can use it to customize the product’s inter¬ 
face, as well as to replace complex se¬ 
quences of commands—even involving 
multiple applications—with your own 
simple commands. There are no royalties 
and applications, except speech response, 
will run with any version of the product. 
Speech response requires the card-level 
product. The card is also recommended 
for AutoCAD, as is a fast processor. 

As much as voice recognition can im¬ 
prove productivity by reducing multiple 
levels of menus to a single utterance, it’s 
still not the ultimate interface. Verbex 
includes both an on-screen list and a print¬ 
ed quick reference card to help you with 
the verbal commands that replace your 
keystrokes. Consider that there are over 
400 commands in the AutoCAD interface, 
and you can see why they’re necessary. 

What the interface of the future must do 
is replace the current lists of fixed com¬ 
mands with intelligence. It must be able to 
understand a variety of expressions, ex¬ 
tract their meaning, apply that meaning to 
the context of suitable applications and 
execute the appropriate functions. This is 
probably a little more than the average 
person can do on a regular basis—but, 
hey, what are computers for anyway? 

Would the ability to conduct an intelli¬ 
gent conversation with our computers then 


provide the ultimate interface? It would 
certainly be getting close, but there’s still 
one more element to consider: those all- 
important esthetics. Just as Windows im¬ 
proved your productivity by adding color 
and graphical elements, such as buttons 
and icons, so we would like to leap be¬ 


yond Windows —perhaps to an interface 
that jumps off the screen into three-dimen¬ 
sional space via holography. At the very 
least, a superior interface must let you fol¬ 
low the progress of your commands with 
photorealistic animations. And one of 
them just may be that of an anthropomor- 




Base’s powered Acoustimoss-3 speaker system consists of a floor-mounted bass unit and 
two compact satellite units. 
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Products Mentioned 


Bose Accoustimass-3, $699 

Bose Corp. 

The Mountain 

Framingham, MA 01701-9168 
Tel.: 800-444-2673 

CIRCLE NO. 145 ON FREE INFORMATION CARD 

Microsoft Printing System, $199 
Microsoft Corp. 

One Microsoft Way 
Redmond. WA 98052 
Tel.: 800-426-9400 

CIRCLE NO. 146 ON FREE INFORMATION CARD 

Finale HiRes, $2,086 (8 ppm); Finale 
1012, $2,495 (10 ppm); 1012 Ethernet 
option, $349 (Estimated); 1012 
Tokenring option, $249 (Estimated) 
Samsung Printing & Storage Systems 
105 Challenger Rd. 

Ridgefield Park. NJ 07660-0510 
Tel.: 800-524-1302 or 201-229-4000 

CIRCLE NO. 147 ON FREE INFORMATION CARL) 

Listen for Windows 1.2, $399 (DSP. 
V 2 M); Listen for Windows 1.2 $99 (Soft¬ 
ware Only, 66-MHz i486 recommended, 
sound card and microphone required): 
Listen for Windows Developer’s Kit 
$695 (DSP, 1M and compressed speech- 
response software) 

Verbex Voice Systems, Inc. 

1090 King George Post Rd. 

Edison, NJ 08837 
Tel.: 800-275-8729 
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phic helper convincingly mouthing the 
words your computer speaks. Will such a 
system be a mere device or a new form of 
intelligent life? This may just end up be¬ 
ing a question for the courts of the future 
to decide. 

Zounds! It's Ver Bose 

If you do opt for the developer’s kit and 
its voice-response capabilities, or if you 
simply seek the best possible sound output 
for your CD-ROM, consider the Bose 
Powered Accoustimass-3 Speaker System. 
Its twin speakers and separate bass unit 
can fill a fairly large room with the richest 
sounds your computer can produce. 
They’ll handle multimedia applications, 
too, from an action-packed presentation to 
a videophone conference. 

The floor mounted Accoutimass bass 
unit includes the unit’s amplifier, and the 
system’s satellite speaker cubes are so 
small that you can mount them just about 


anywhere. Bose offers two varieties of 
stands you can use with the cubes, a short 
style that’s suitable for desktop mounting 
and a much taller one for floor mounting. 
Of course, you can simply rest these 
speakers on any convenient stand or shelf 
or even hang them on a wall. 

As a speaker system designed for use 
around noisy computer electronics, the 
Accoustimass-3 system obviously features 
shielding from radio-frequency interfer¬ 
ence. It also features Bose’s patented Dy¬ 
namic Equalization circuitry that matches 
bass reproduction to highs across the full 
range of volume. This permits the speak¬ 
ers to reproduce sounds the same way, 
whether you have the volume turned up 
for a large group or down for a private 
demonstration. Moreover, once you adjust 
your treble and bass controls for the acou¬ 
stic properties of a room, Dynamic Equal¬ 
ization eliminates the need to readjust 
them when volume is raised or lowered. 
The latest version of the system even al¬ 
lows you to simultaneously hook up the 
sound from your computer and your CD- 
ROM outputs to separate inputs. The re¬ 
quired isolation is provided in the Accou- 
stimass’ circuits. It’s just the kind of set- 
it-and-forget, trouble-free operation you 
need to help you concentrate on your ap¬ 
plication, instead of having to become an 
audio expert. ■ 


SAVE 

TIME 


For fast, accurate service, 
please remove the peel 
off label used to address 
your magazine, and 
attach it to the Reader 
Service Card, the Address 
Change Card or to any 
correspondence you 
send us regarding your 
subscription. 


Mail All 

Correspondence To: 
Microcomputer 
Journal 

76 North Broadway 
Hicksville, NY 11801 


Tuning Up Your Computer (from page 75) 


Up window and select Properties. 
Then click on the Run Minimized 
check box. 

If you choose to have DOS applica¬ 
tions run minimized, Windows doesn’t 
actually run them when it starts. In¬ 
stead, it places an icon for each onto 
the desktop. But they’re poised there, 
ready to go and waiting only to be se¬ 
lected and run. 

Don’t worry about the time re¬ 
quired to start the programs when you 
enter Windows. I have two Windows 
applications and four DOS applica¬ 
tions in my StartUp group. It takes 
Windows less than 5 seconds to pre¬ 
pare them all each time it starts. If in¬ 
stead I start each one manually when 
I enter Windows , I have to spend at 
least a couple of minutes doing so. 

Final Remarks 

When your computer is completely 
tuned, make sure you make copies of 


the configuration files. At the very 
least, you should keep copies of your 
CONFIG.SYS, AUTOEXEC.BAT, WIN- 
.INI and SYSTEM.INI files in a safe 
place. The next time you install a new 
application, it will probably try to 
change at least one of these files. If 
you have previous copies, you can 
examine the differences between the 
new and old files to help you decide 
whether or not you want to keep the 
changes. 

Fine tuning your computer can be a 
challenge. The Windows Resource 
Kit , which you can order from Micro¬ 
soft, or a program like SoftLogic So¬ 
lutions’ WinSense can be a great help 
in understanding all the possible set¬ 
tings in WIN.INI and SYSTEM.INI. 
Once you’ve tuned up your computer, 
it’s a lot easier to keep it in-tune than 
it is for your car. And like a well- 
tuned car, your computer will respond 
to your work by running faster and 
smoother. ■ 
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SuperMart 


This new advertising section highlights products in an easy-to-iocate format for 
reader convenience. Call Margaret Milanese today for deadlines and additional 
details at 516-681-2922 (FAX 516-681-2926). 


EPROM+ 

PROGRAMMING SYSTEM 
USES PARALLEL PORT 


SUPPORTS OVER 500 CHIPS 

. EPROMS (24.2*J2 A 40* PIN * 27C & 2MF) 
27W.IkJ2J2A.64.64.V.I2*.12*Aa5<^512J13j011 
010.101.1001.1000.1024JIOJOCO .200WBOOMS 
4001,040.240, 25l6J5J2^561>*764/66.TStS27!6 
• EEPRO.US (24 A 2* PLN PLUS 2SCXX) 

2*MO* 160* 16A07 (L2M40*«AOS450*256 
•SUUALLLPROMS’ (1 PIN PLUS CXX) 
9.<O6,46J5*/66O444J4Ol/O2/O4aJXX.rJU400 
•BIPOLAR PROMS • 74SXXX, S2SXXX 

87C5XJ17C75 l/75L6*705.MHC705!TMS7742 
• ADAPTOR UQl IRU) • DIAGRAMS ISC I l DM) 

•SOFTWARE - READ. VERIFY. PROGRAM. COPY. DESK FILE LOAD A SAVE 
CHECKSOL BUFFER EDITOR W/ 20 COMMANDS, HEX & BINARY FILES 
•FAST! • MOST DEVICES PROGRAM IN UNDER AO SECONDS 
•RIGGED <»' X 7* X 3'). PORTABLE ENCLOSURE WITH CARRY HANDLE 
•MADE LN THE U2SA. - 10 DAY MONEY BACK GUARANTEE - I YR. WARRANTY 
•SYSTEM INCLUDES: UNIT. POW ER PACK. CABLE. MANUAL A SOFTWARE 



ANDROMEDA RESEARCH 
P.O. BOX 222 

MILFORD, OHIO 45150 add S 5 .oo shipping $ 5.00 c.o.d. 

(513)831-9708 fax ( 313)«3i.7sa2 VISA/MASTERCARD 


$289 


AFFORDABLE ENGINEERING 
HARDWARE / SOFTWARE 


Engineering Softwa rg^PCrMSD OS 


• Electronic Circuit Design 

• Schematic Drawing Program 

• PCB Design & Circuit Drawing 

• PC-SCOPE Oscilloscope 

PC Bus Plug-In Cards 


$39,49 
$ 89 
$ 89 


• 24 Bit TTL I/O. 48 Bit TTL I/O 

• 12 Bit Data Acquisition & TTL I/O 

• 16 Bit Counters & TTL I/O 

- More Hardware & Software is available - 

f Call or Write for FREE Catalog 

BSOFT Software, Inc. 

444 Colton Road 
Columbus, OH 43207 
(614) 491-0832 
Fax (614) 497-9971 


AIIMax 

UNIVERSAL PROGRAMMER 


AIIMax $645 

• Programs 

PAL, GAL. EPLD, PEEL. 

E(E)PROM & Flash (up to 
16 bit). Bipolar-PROM, 

MICROS (87xx, PIC 16/17, 

COPxx, Z86xx, PSD3xx) 

• Tests TTL/CMOS, DRAM/SRAM 

• Supports Standard 45-pin Gold-ZIF Socket 

• Optional Adapter for Printer Port 
(AM-PRT: $185 Includes Transformer) 

• LIFETIME FREE UPDATES VIA B.B.S. (408-734-8945) 

• 2 YEAR WARRANTY, MADE IN U.S.A. 


tUtltUIIItttllll 
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EE Tools Inc . 40S-734-8IS4, siss uax) 

528 Weddell Dr. #3. Sunnyvale. CA 94089 
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Capital Electro-Circuits 


PRINTED CIRCUIT BOARDS 


Superior Quality at Competitive Prices! 

• Single Sided, Double Sided 
& Multi-Layer 

• Prototype & Production Quantities 

• Photo Plotting & 

Electrical Testing Services 

Call us for an instant quote 

Phone: (301) 977-0303 
Fax: 990-6715 Modem: 990-9628 

7845-J Airpark Rd. Gaithersburg, MD 20879 
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C-Programmable Networked 

68HC11 M 

MICRO CONTROLLER 

with Application Libraries and 
Full Development Environment 



Speed development of prototypes and add powerful functionality to your 
product with the GCB11 Microcontroller and development software. The 
GCB11 provides full access to the 68HC11F1 processor, including 28 
I/O lines and 64K of address space, and adds ready-to-use RS-232 and 
RS-485 communications as well as a 32K socketed RAM. Application 
libraries provided both on disk and in ROM reduce tasks such as 
instrument or motor control and data collection to a set of simple 
function calls. Your development is further simplified by a full set of 
menu based tools which allow C and assembly code to be compiled, 
downloaded, executed, and debugged from a PC. For distributed 
control, the GNET software provides full RS-485 multi-drop network 
communications using modular phone jacks, including the ability to 
monitor and control any node on the network from a PC. 

L P.O. Box 425967 San Francisco. CA 94142 

*? C 0 . 4 CTIVE Voice: (415) 626-5152 Fax:(415)626-6320 
^ A eHT MnT. c ». lrtemetcoactrveecoactive.com 


RACK BOXES NEW DEEPER SIZES 



MOOEL 


1RU5 
1RU7 
1RU10 
1RU12 
1RU15 
1 RUM 7 
2WU5 
2RU7 
2RU10 


DESCRIPTION PRICE 
W*0»H(1N) 


19«51' 

19 a 7 x 1.75 
19 a 10 a 1.75 
19a 12a 1.75 
19*15.175 
19*17*1.75 
19*5*35 
19*7*35 
19*10*35 


MOOEL DESCRIPTION PRICE 

W « D « H (IN) $ 


2RU12 

2RU1S 

2RU17 

3RU5 

3RU7 

3RUI0 

3RU12 

3RU15 

3RU17 


19*12*35 
19*15*3.5 
19.17*15 
19*5*525 
19*7*525 
19*10*525 
19* 12* 525 
19*15*525 
19*17*525 


a 


PREPAID ORDERS SHIP GROUND FREE (48 STATES) 

SESCOM, INC. 

2100 WARD DR..HENDERSON, NV 89015 USA 
USA/CANADA (800) 634-3457 FAX (800) 551-2749 
OFFICE (702) 565-3400 FAX (702) 565-4828 
TECH LINE* (702) 565-3993 M-Th 8 am to 4 pm (PST) 
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Actual Circuit Emulation 

A better way than ICE! 


• More power with much less cost The eBoard m 

• Drivers for LCD,D I MF,more 

• External power supply for 
24 hour a day operation 

• Runs independently of PC 

• Versatile Interface Adapter 
on eBoard, simple expansion 

• Board resident Forth option 

• Use as programmable PCcard 

• All source is included. Kcrnal, 

Forth. PC Debugger and Assembler [i 
Cable, Breadboard, Power supply 



s 1952f 


Highlands Electronics 
13720 LakcShorc Drive 
CIcarLakc, CA 95423 
Phone 707 994-1024 
Fax 707 994-5823 


Object Oriented 
Hardware™ 





ROBOMASTER 
CONTROLLER 

This is the fast NEW PIC 
16C55 RISC running at 20 
MHz and 16 I/O IN/OUT 
lines and 2 strobes. 
Control it from any serial 
port at 9600 baud version 
or 115,200 baud version. With the 9 pin serial you 
can control anything you can think of A/D, D/A, 
ROBOTICS, ALARMS, SENSORS, REMOTE 
MODEM APP’s. Use our preburned 16C55 I/O chip 
or the 16 model airplane servos real time chip, all 
chips use EZ4 or EZ16 COMMANDS. Board and 
one of these chips $89.95 or W/O chip $59.95 + 
$5.00 S/H Demo software Examples included. 

SEND CHECK or MONEY ORDERS to 

P.C. PORTER, 

P.O. BOX 732, Titusville, FL 32781-0732 
_ (407) 268-4562 EST. _ 
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SPY ON THE EARTH 

See live on 
your PC 
what 

satellites in 
orbit see 

Capture live breathtaking images of the Earth for fun or 
profit with our SpySat software and hardware package that 
does it all. Track, capture, display, zoom and analyze 
images directly from 6 or more environmental satellites. 
Complete Earth station package includes antenna, LNA, 
satellite receiver, demodulator, A-D converter and software, 
all for only $399 plus $25 shipping. For FREE information 
log-on to our bulletin board anytime at: (718) 740-3911. For 
information by mail send $5 (includes demo disk). 

VANGUARD Electronic Labs 

Dept. C, 196-23 Jamaica Ave. 
Hollis, NY 11423 Tel.718-468-2720 
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* Compare & Save At ** 

\ Midwest Micro-Tek. ** 

\ * 

* MMT-188EB.$239.00 * 

t MMT-Z180.$159.00 * 

t MMT-HC11.$178.00 \ 

* MMT-196.$199.00 \ 

* MMT-EXP. S 78.00 * 

^ 40 - 48 Bits, VO => 2 Serial Ports => 64K - 1M \ 

* RAM/ROM =* 4x4 to 4x6 in Dimension =* * 

t VVitch dog timer, 8 Bit ADC =* RS485/422 * 

Option. ^ 

\ Call or fax for complete data sheets. i 
t (605) 697-8521, Fax (605) 697-8109. } 
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Prototype it... FAST! 

with ProtoQuick 8051 and Z8 



. Complete 8051 and Z8 single board computers. 

. Large prototype area with power bus and 10. 

. RS232 C serial port with standard DB25 connector. 

. Sockets lor up to 32K EPROM and BK static RAM. 

. Fully assembled, plated thru board • 5 volt operation. 
. Opsys in EPROM - RS232 control ol 10 and RAM 
. MS-DOS x-asm and opsys source code included. 


Test and run prototype applications or experimental hardware 
from the serial port - WITHOUT PROGRAMMING! 


Compile ProtoQuick 8051 or Z8 system, 
including board, disk and docs ONLY - 


Software Science 
3750 Roundbottom Road 
Cincinnati, OH 45244 

(513) 561-2060 ™ 


$ 99.00 ea 

e© 
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•HARD TO FIND" SERV0 M0T0R C0NTR0LLER 


o> -Text to Speech Board serial I/O $89 
• Temperature boards: w/16 sensors $239 
2 w/8 sensors plus 8 analog inputs $179 

cd both boards: - 40° to 146°F, serial I/O 
•Digital I/O ISA cards: 48 I/O ports 
-o 96 I/O ports $169 192 I/O ports 

ro •Infrared transmitter & receiver pair 
ig hook to PC w/digital I/O, 16 commands 
jy •4-Port ISA Serial Board w/16550s $129 

<s> com1-com8 & irq's 2,3,4,5,10,11,12,15 
<£ •4-Servo controller board serial I/O $89 
5^ •Single board computer { cpu8051) $89 

j5 14 digital I/O; RS-232 port; 128bytes 
== •Picture-In-Picture box w/TV Tuner 
O •X-IO Modifications Project Book 

More items available including X-I0 

TerU* AffcSaJes 800-455-9853 
Ptvri^\Pi? Tech 3 j 5#455 ., 0Q3 

Fax 315-455-5838 


$125 

$249 

$89 


$170 

$34 


- Drives RC servos via RS-232 T 3 

- PC software interface included ^ 

- Compact, only 1.5 X 1.75 in. 



SV 100 WITH CABLE & SOFTWARE 

SERVO MOTOR 


401 E. 17th St. Suite B /7 H VI ^o C q^Q 
Costa Mesa. CA 92627 (714)642-8458 
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,_1994 , 


FREE CATALOG 

Probes, Test Leads 
& Accessory Kits 

• Scope Probes 

• Test Leads 

• BNC Cables 

• Patch Cords 

• Terminations 

• Attenuators 

• Adapter Kits 
TOLL FREE 
(800) 772-1519 
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Software Development Kit 







87C7 

50 1 



87C750-SDK™ 



® Supports the NEW Philips 87C750 

Microcontroller. 

IMCCl 


® Includes Editor, Assembler, and 

MICRO 



Simulator. Programmer available. 

COMPUTER 


® On-line User's Guide with Examples. 

CONTROL 


1 ® Limited Offer good until April 94, i 

Software 



Regular Price $99.95. SAVE SSS 

Development Tools 


® Student/Educational Discounts. 

® VISA, MasterCard or COD. 

PO Box 275 

Hopewell. NJ 08525 


Introductory price $ 3 9 ■ 9 5 

USA 

Fax. (609)466-4116 


CALL (609)466-1751 







Microcomputer 


JOURNAL 




ORGANIZE AND PROTECT YOUR COPIES OF 

Microcomputer Journal 

Now there's an easy way to organized and keep copies of your favorite magazine readily available for future reference. 

These custom-made titled cases and binders are ideal to protect your valuable copies from damage. 

They’re designed to hold a year's issues (may vary with issue sizes), constructed with reinforced board and covered with durable leather like material in green, title is 
hot-stamped in gold, cases are V-notched for easy access, binders have special spring mechanism to hold individual rods which easily snap in. 

Each binder is $9.95 (S & H is $1 in the USA and $2.50 outside the USA) 

Send All Correspondence To: 

Jesse Jones Industries, Dept. MCJ, 499 East Erie Avenue, Philadelphia, PA 19134 

Call TOLL FREE 7 days, 24 hours 1-800-825-6690 
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Table 3. PCMCIA Modem-Card Buying Guide 


Manufactuer 

Model 

Modem/Fax Speed* 

AMP 

PCMCIA Fax/Modem 

14.4K/14.4K 


PCMCIA Fax/Modem 

9,600/9,600 

Angia 

FAX14442 PCMCIA 

14.4K/14.4K 

AT&T 

3760 "TeeklnTouch" Cards 

14.4K/14.4K 


3761 Series 

9,600/9,600 

Dr. Neuhaus 

Fury Card 2400 

2,400/9,600 


Fury Card 14K4 

14.4K/14.4K 

COM Plus 

PCM42LC 

2,400/9,600 

Communicate 

Connexion 2496 

2,400/9,600 

E-Tech 

C9G24MX 

2,400/9,600 

Exar 

2400/9600 Fax/Data Modem 

2,400/9,600 

EXP 

ThinFax9624 Fax/Data Modem 

2,400/9,600 

DataRace 

V3.2/BF 

9,600/9,600 

IBM 

2.4/9.6 Data/Fax 

2,400/9,600 


14.4/1.4 Data/Fax 

14.4K/14.4K 

Intel 

2400+/INC110 

2,400/9,600 


FAX9600 

9,600/9,600 


INC30 

14.4K/9.600 

Iwatsu 

Data-Fax Modem 

9,600/9,600 

Librex 

Fax+Modem 

9,600/9,600 

Megahertz 

CC3144 

14.4K/9.600 


CC324FM 

2,400/9,600 


X11144 

14.4K/14.4K 


XJ124FM 

2,400/9,600 

Omnitel 

Business Card 2496C 

2,400/9,600 

P.N.B. 

PNB24 

2,400/9,600 


PNB144 

14.4K/14.4K 

RCS 

XM2496 

2,400/9,600 

Socket Communications 

SL700 

9,600/9,600 

Smart Modular 

SmallTalk 9624 

2,400/9,600 

TDK 

DF2496A 

2,400/9,600 


DF1414A 

14.4K/14.4K 

Texas Instruments 

MBH10218 

9,600/9,600 


* Maximum in bps. 


Table 4. PCMCIA Network-Card Buying Guide 


Manufacturer 

Model 

Type 

AMP 

10-Base-T LAN Adapter 

Ethernet 

D-Link 

DE-650 

Ethernet 

DataRace 

RediCard LAN Adapter 

Ethernet 

IBM 

Token-Ring 14/4 

Token Ring 

MagicRam 

Ethernet Adapter 

Ethernet 

National Semiconductor 

Ethernet 

Ethernet 

Socket Communications 

EA + Ethernet 

Ethernet 

Xircom 

PCMCIA CE-102 BNC/CE-10BT 

Ethernet 
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Classified 


Classified Commerial Rates: $1 per word, 15-word minimun ($15.00) pre¬ 
paid. (Word count includes name and address; Zip code and abbrevia¬ 
tion each count as one word; P.O. Box number and telephone number 
count as two words each.) Indicate free category heading (Computers, 
Software, Electronics, Video or Miscellaneous). A special heading is 
available for a $6 surcharge. First word only is set boldface caps at no 
charge. Add 25o for each additional boldface word. 

Non-Commerial Rates: FREE to subscribers, as space permits; maximun 
15 words. A recent Microcomputer Journal mailing label must accom¬ 
pany ad. (All advertisers with P.O. box addresses must supply permanent 
address and telephone number. Copy is subject to publisher approval.) 
Mailing Information: Copy must be received by the publisher by the 25th 
of the third month preceding the cover date. Send Advertising material 
with check or money order or credit card information (Visa or 
MasterCard only) with number and expiration date to: Microcomputer 
Journal, Classified Department, 76 N. Broadway, Hicksville, NY 11801. 


BUSINESS OPPORTUNITIES 

ENTREPRENEUR’S HOTLINE BBS! 
Money-Making Reports, Email 
Technical Assistance, Specialized 
Files, Online Chat, Post Ads, Free 
Look! BBS# 206-678-4033. 

SELLING my 900# for $210.00, for 
copy of contract, send $1.00 for 
postage to: Station Three, 111 W. 
Del Amo Blvd., Suite 6, Long Beach, 
CA 90805. 

MAKE $75,000/YEAR cleaning com¬ 
puters part time! Through video/ 
book training course. FREE Infor¬ 
mation. ML Productions, Carbon- 
dale, Colorado. Call (303) 963-1316 
Dept. CC-2 

MAKE $90/HR as an Independent 
Computer Technician. Secrets re¬ 
vealed by successful computer 
store owner. FREE information. ML 
Productions, Carbondale, Colorado, 
Call (303) 963-1316 Dept.CC-3. 

CDROMS! 

Supercharge your productivity with 
Walnut Creek’s Simtel CDROM, 8000 
files of quarterly updated MSDOS 
Shareware only $29.95. Attention 
Window's Users: Cica Windows 
CDROM has all the current share¬ 
ware you need $29.95. 3000 games 
Giga Games for DOS and Windows, 
600 meg Hobbes OS/2 CDROM, 
more. CALL NOW! 1-800-786-9907, 
info@cdrom.com, 1-510-674-0783 or 
fax 1-510-674-0821. Your library of 
utilities is complete with Walnut 
Creek CDROM's! 


AUTOMOTIVE ELECTRONICS 

LISTEN! Your car's computer is trying 
to tell you something! If it's a 1984- 
1991 Chrysler built vehicle, fuel inject¬ 
ed or turbocharged, our book can 
show you how to retrieve and diag¬ 
nose fault codes- no tools needed. 
Send $8.95 + $2.00 S/H to 

Hemispherical Publications, Box 100, 
Island, KY 42350. 


CABLE TV 

CABLE TEST CHIPS. Jerrold, Tocom, 
S.A., Zenith. Puts cable boxes into full 
service mode! $29.95 to $59.95. 1- 
800-452-7090,(310)902-0841. 

EARN BIG commissions selling our 
drug awareness software to schools, 
stores, parents, etc! It's HOT and in 
demand! Free info, or $1 for our disk 
newsletter. Opportunities Online 
Dept. CC POB 3403 Wichita Falls, TX 
76301. 


ELECTRONICS 

T.V. NOTCH FILTERS AND BULLET 
STOPPER, FREE BROCHURE. MICRO 
THinc. BOX 63/6025. MARGATE. FL. 
33063 l-(305)-752-9202 

CNC, Build a low cost CNC drill 
machine for under $295. Uses readi¬ 
ly available hardware/software. 
Plans with instructions, drawings, 
parts lists and sources $21 + $4.50 
S/H US. Send Check or Money orders 
to CAMTRONICS INC. 18230 130TH PL 
NE, Bothell, WA 98011-3118. 


CABLE TEST CHIPS, SA8550, SA8500- 
310, 311. 320. 321, (specify)-$38.95. 
8580/338. 8570xxx. 8590xxx, 8590 (11 
BUTTON)-$69.95. TOCOM 5503/07 
VIP-S33.95. ZENITH ZF1-$33.95. STAR- 
COM 6 (except BB)-$33.95. STAR- 
COM 7 (except Ml)-$49.95. CABLE 
HACKERS BIBLE(s) VOL. 1. - $44.45, 
VOL. 2. - S44.45.CELLULAR HACKERS 
BIBLE-S53.95. CELLULAR CLONING 
VIDEO-S39.95. CELLULAR PROGRAM¬ 
MERS BIBLE - $84.45 Catalog - $3.00 
Visa/Mastercard (24-HOURS), 602- 
782-2316 / FAX 602-343-2141 TELE¬ 
CODE P.O. BOX 6426-CC, YUMA, AZ 
85366-6426. 


COMPUTERS 

ROMY-16 EPROM Emulator emulates 
2716-27010 ROMs or 6116-628128 
RAMs in 8-and 16-bit systems. 
Provides eight hardware breakpoints 
for 8-bit systems. $195(2716-27256) or 
$245(2716-27010). Optional assem¬ 
bler, disassembler, and ROM debug¬ 
ger for $100 each CPU. Universal 
Microprocessor Simulator/Debugger 
V2.1 simulates popular 8-bit micro¬ 
processor. Assembler, Disassembler, 
windowed symbolic Simulator/ 
Debugger. $100 each CPU. 80C552 
Development System $190. Eight 
channel, 10-bit A/D. Watchdog 
timer, on-chip oscillator, RS-232 serial 
communication, one 8255A.32K 
ROM, 64K RAM. $120 each board, 
optional 40x2 LCD display $20. 80C31 
Development System $125. 8K ROM, 
IK RAM, 40x4 LCD display, assembler, 
disassembler, on-board debugger. 
RomMax EPROM Programmer $145. 
ProMax Universal Programmer $450. 
J&M Inc. 83 Seaman Road, West 
Orange, NJ 07052, Tel: 201-325-1892, 
Fax: 201-736-4567. 

COMPUTER KITS: We have close out 
items at discount prices. Bareboards 
(BB), kits (KT), system monitor 
EPROMs (ME), BASIC interpreter 
EPROMs (BE), and PC based cross 
assemblers (CA). Hardware includes 
manual with schematics. Kits include 
all parts and chips, less software. 
8031-BB $15, KT $35, ME $20, CA $30; 
68008-BB $20, KT $60, ME $20; 8097- 
BB $25, KT $75, ME $25, BE $25, CA 
$30; 80C196 BB $25, KT $100, ME $25, 
BE $25, CA $30; 80C535 BB $20, ME 
$20, CA $30. Shipping $5, or air $10. 
Catalog $4. Check or M.O. to: Kits 
Plus, 2346 Brandon Road, Dept. CC, 
Columbus, OH 43221. 
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MAGAZINE supporting Z80, CP/M, 
S100, Kaypro, 8031, 6809 and more. 
The Computer Journal. 10th year of 
classic computer projects. Hard¬ 
ware, software. Forth, assembler. 
Micro-C Kaypro disks and schemat¬ 
ics. 6 issues, $24, Free sample. (800) 
424-8825. TCJ, P.O. Box 535, Lincoln, 
CA 95648 

MICROCONTROLLERS MCB8031: 32k 
RAM/ROM, 14 LINES I/O, RS232, $79. 
MCB8052: 8k/32k RAM, 8k/16k ROM, 
4 DECODED OUTPUTS, 24 LINES I/O, 
PROGRAMS EPROMS, EEPROMS, 
AND NVRAM, RS232, $109. TO 
ORDER SEND CHECK OR MONEY 
ORDER PLUS $5 S/H TO: BLUE RIDGE 
MICROS, 2505 PLYMOUTH ROAD, 
JOHNSON CITY, TN. 37601. FAX (615) 
929-3164, PH. (615) 335-6696. 

TANDY OWNERS New 1000's Tech 
Notes and Jumpers Manual reveals 
the secrets of the 1000's. Save up to 
75% on hard drives, hard cards, flop¬ 
py drives, memory and more for the 
1000's, 2500's, 3000's and 4000's. 
Call for FREE CATALOG. Micro 
Systems 800-548-5182. 


SOFTWARE 

AUCTION PURCHASE BLOWOUT! 
Thousands of new/used disks for IBM. 
Although most are commercial soft¬ 
ware we must sell all as formatable 
disks. 40 1.44MB 3.5" @$20, 80 720MB 
3.5" @$20, 100 360K 5.25" @$20. $5 

P&H per bulk.2000 lcon/$ 10,400+ 
fonts/$25 PDE, 1400 Moccasin, 
Modesto, CA 95351. 

VIDEO 

HIGH PROFITS/ no experience nec¬ 
essary. Computer repair/preventa¬ 
tive maintenance, learn at home! 
Complete training package with 
videos/books. Make $90/Hour! 
Become a certified computer tech¬ 
nician! FREE information. ML 
Productions, Carbondale, Colorado. 
Call (303) 963-1316 Dept. CC-4. 


MISCELLANEOUS 

ASIAN LADIES want correspondence 
for friendship, marriage. SUNSHINE 
INTERNATIONAL-Dept. TW, Box 5500, 
Kailua-Kona, Hawaii, 96745. 
(808)325-7707. 


Multimedia (from page 78) 


one presentation. For graphic 
images, it reads Windows .BMP, 
.WMF and .DIB files, PC 
Paintbrush .PCX files, 
CompuServe’s .GIF files, and the 
old favorite Targa and .TIFF files. 
For video and animation, it directly 
reads Video for Windows .AVI and 
Autodesk .FLI and .FLC. For audio, 
it picks up .WAV and MIDI. This 
list is surely not the largest, but it’s 
quite adequate for general usage. 
Besides, it’s not hard to get your 
data into one of the above formats. 

A source of additional help for 
owners of SST is included as part 
of the owner’s manual. It’s a refer¬ 
ence work named Making Great 
Presentations On Your PC , written 
by two industry professionals. This 
book teaches practical information 
on communication technique, 
multimedia as art of communica¬ 
tion and the involved technical 
aspects of creating a meaningful 
presentation. This reference, the 
SST tutorial and the product itself 
comprise a positive step for any¬ 
one who wants to author multime¬ 
dia presentations without spending 
too much money and too much 
time on their projects. 


Products Mentioned 


FileRunnerfor Windows , $49.95 
MBS Technologies, Inc. 

4017 Washington Rd., #4000 
McMurray, PA 15317 
Tel.: 412-941-9076 

CIRCLE NO. 155 ON FREE INFORMATION CARD 

ClickBook , $69.95 
BookMaker Corp. 

625 Emerson St. 

Palo Alto, CA 94301 
Tel.: 415-617-1101 

CIRCLE NO. 156 ON FREE INFORMATION CARD 

3D Home Architect , $59.95 
Broderbund Software, Inc. 

500 Redwood Blvd. 

PO Box 6121 
Novato, CA 94948-6121 
Tel.: 800-521-6263 

CIRCLE NO. 157 ON FREE INFORMATION CARD 

Super Show & Tell , $ 149 
Ask Me Multimedia Center 
7100 Northland Cir., Ste. 401 
Minneapolis, MN 55428 
Tel.: 612-531-0603 

CIRCLE NO. 158 ON FREE INFORMATION CARD 


Advertisers’ Index 


R/S # Page # 

- AES.21 

52 AlCS/Chadwick Univer.69 

53 ASATech.69 

54 ASYS Corporation.87 

55 Ace Communications.13 

171 Allmicro, Inc.1 

57 Andromeda Research.108 

56 BG Micro.27 

58 BSoft Software.108 

59 Beige Bag Software.22 

60 Binary Technology.71 

- CIE.19,45 

62 Capital Electro-Circuits.108 

63 Coactive Aesthetics.108 

Comtrad.5 

64 Design Computations.26 

Dunfield Development.23 

118 EMAC.92 

65 EE Tools.108 

101 Highlands Electronics.108 

66 Insight Development Sys.87 

Intronics.60 

67 LDG Electronics.22 

L.S. Electronic Sys. Design.7 

69 Logixell Electronics.25 

70 Mental Automation.33 

71 Merrimack Valley Sys.43 

102 Micro Computer Controls... 109 

76 Micro Engineering Labs.89 

72 Micro House.Cov IV 

74 Midwest Microtek.109 

75 Mouser Electronics.23 

73 New Micros.Cov. II 

77 P.C. Porter.108 

Parallax, Inc.Cov III 

79 Prairie Digital.33 

103 Probe Master.109 

80 Prologic Designs.21 

81 PseudoCorp.7 

104 R4 Systems.34 

82 SESCOM.108 

83 Software Science.109 

84 Star Time.109 

85 Tech-Arts.109 

86 TECI.89 

87 Thinking Software.43 

88 URDA.87 

89 Ublige Software & Robotics..26 

105 Unicorn Electronics.97 

Vanguard Labs.108 

91 Z-World Engineering.69 


We’d like to see your company 
listed here too. Contact Margaret 
Milanese at 516-681-2922 to work out 
an advertising program tailored to 
meet your needs. _ 
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THE line STAMP" 

$39 Stamp-Sized Computer Runs BASIC ^ 




The BASIC Stamp is a lx2-inch computer that runs 
BASIC programs written on your PC. It has 8 I/O lines, 
which can easily be programmed for serial communications, 
potentiometer input, pulse measurement, button debounce, tone generation, 
PWM, etc. And all by just adding a resistor and/or capacitor, if anything. 
Single Stamps sell for $39, and quantity prices start at just four units. 


RS-232 OUT 



Temperature Sensor 

In this application, the Stamp 
uses a capacitor and Radio Shack 
thermistor to take temperature 
readings. 13 BASIC instructions 
are used to read and linearize the 
input. The result is then sent out 
serially. 


Writing programs for the Stamp is 
easy. A 3-pin cable connects the 
Stamp to your PC’s parallel port. And 
one piece of software is used to enter, 
debug, and download your programs. 
It’s as simple as possible. 

All that you need to program Stamps 
is included in the Stamp Programming 
Package. The package contains the 
cable and software mentioned above, 
as well as a manual, application 
notes, and access to free technical 
support. 



PNfttCn MICR0C01TR(U1RS sad TOOLS 

Inexpensive and available, PICs are building a following 


You may already know about the PICIbCxx series of 8-bit microcontrollers from 
Microchip Technology. They’re the answer to many small controller needs, 
especially if price if an issue. A typical PIC is the PIC16C54-RC/P; it’s an 18-pin DIP 
package with 12 I/O lines, 512 words of PROM, and 32 bytes ol RAM, all tor 
around $4.00 in small quantities. And the series continues to grow: new PICs have 
interrupts, A/D, and up to 33 I/O lines. 

For the past three years, we’ve been helping people get started with PICs. We offer 
low-cost development tools, documentation, application notes, and technical help, 
as well as the PICs themselves. 



PIC Chips $4 - $27 

We offer PICs in the “RC” and 
HP ROM versions. 



PICl6Cxx Programmer $199 

Supports PICl6C5x, 71, & '84. 

Also PIC16C64 with 40-pin adapter. 



PICl6C5x Downloader $299 

Plugs in place of ’5x PIC in-circuit. 
Runs code at 8 MHz. 



TrueFlight" for 71/ 84 $299 


Programmer & flash UV eraser form 
development system for 71 & '84. 



PIC Prototype Board $15 

Provides an easy way to develop 
circuits with 18- and 28-pin PICs. 


|—) /[ —) A\ A\/ Z 3805 Atherton Road,#102• Rocklin, CA95765• USA 

Y~VTx\ LL /H /\ n (916) 624-8333 • Fax: 624-8003 • BBS: 624-7101 



BASIC Stamp, True Flight, and the Parallax logo are trademarks of Parallax. Inc. • PIC is a registered trademark of Microchip Technology, Inc. • Features and prices subject to change without notice. 













































MICROSOFT 

WlNDCWS.. 

Compatible 


It runs with 
NetWare 


50,000 pages of technical 
hardware information 
at your fingertips. 

The Complete PC Hardware Reference. 

The Micro House Technical Library on CD-ROM provides technical 
specifications and configuration information on over 1500 different 
manufacturer’s products. We’ve taken thousands of hardware 
product manuals and extracted the vital information you 
need. Locating main boards, network interface 
cards, hard drives, hard drive controllers, and 
I/O cards (video, sound, modem, serial, 
parallel, CD-ROM, etc.) is now a reality. 
I This feature rich CD-ROM even includes 
drivers and support software, from 
the manufacturers themselves! 


Microsoft is a registered trademark and Windows and 
the Windows Logo are trademarks of Microsoft Corporation. 

Micro House is a registered trademark. 


Micro House International Inc. • 4900 Pearl East 

CIRCLE NO. 72 ON FREE INFORMATION CARD 


CaU 

800 - 926-8299 
for a free 
demo and 
additional 
information! 


03 443-3388 • Fax 303 443-3323 


MICRO HOUSE 
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Ref: Part# TCMCJB 











